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1. Een voedingspatroon dat overeenkomt met de richtlijnen van de WHO ter prévenue van 
chronische ziekten lijkt de kans op een lang leven te vergroten. 
Dit proefschrift. 
2. Clusteranalyse is een aantrekkelijke méthode om gangbare voedingspatronen in de 
bestudeerde populatie te beschrijven. De gevoeligheid van deze méthode voor detectie van 
verschillen en overeenkomsten in een dataset zorgt er echter eveneens voor dat ze minder 
geschikt is voor gebruik in een internationale context. 
Dit proef schrift. 
3. Dat vœding en gezondheid begrippen zijn die sterk door cultuur worden bepaald wordt 
geïllustreerd door het feit dat alleen in Italie een positief verband werd gevonden tussen 
ervaren gezondheid en energie-inneming. 
Dit proef schrift. 
4. De mate van alcoholgebruik in de Italiaanse cohorten van de Zeven Landen Studie stelt de 
term 'matig alcohol gebruik' in een nieuw daglicht. 
5. Zolang de resultaten van voedingsonderzoek elkaar tegenspreken zou men er goed aan 
doen zieh in de voorlichting enkel te richten op een gezond voedingspatroon. in plaats van 
aparte campagnes te voeren voor afzonderlijke voedingsmiddelen. 
6. Als men net zo kritisch zou zijn ten aanzien van onderzoek in de reguliere geneeskunde als 
men is ten aanzien van onderzoek naar de werkzaamheid van homéopathie, zou de 
kwaliteit van de medische wetenschap en behandeling aanzienlijk toenemen. 
7. De homéopathie zou er bij gebaat zijn als zij de reguliere academische benadering 
algemener zou toepassen. 
8. "Elk nieuw denkbeeld in de wetenschap doorloopt drie fases. Eerst zeggen de mensen dat 
het niet waar is; vervolgens zeggen ze dat het waar is maar niet belangrijk; tenslotte zeggen 
ze dat het waar is én belangrijk, maar niet nieuw." 
Michel de Montaigne, Zestiende-eeuwse Franse wijsgeer. 
9. De wetenschap is een bedrijf geworden met strakke, duidelijk geformuleerde regels. Dit 
bevordert de kwaliteit van het onderzoek met betrekking tot bijvoorbeeld 
reprodueeerbaarheid en validiteit. Echter, het kan beperkend werken op creativiteit en 
vernieuwing. 
10.Echte vriendschap overstijgt geografische grenzen. 
11."Sisters are doing it for themselves" 
Lennox / Franklin. 
12.Geloof hen die de waarheid zoeken, twijfel aan hen die ze gevonden hebben. 
André Gide (1869-1951). 
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Abstract 
DIETARY PATTERNS AND HEALTH IN THE ELDERLY. 
A north-south comparison in Europe 
PhD Thesis. Agricultural University Wageningen, The Netherlands and The National Institute of 
Public Health and the Environment, Bilthoven, The Netherlands. 
Patricia P.C.W. Huijbregts 
The aim of this thesis was to gain more insight into the role of dietary intake as a determinant of 
different aspects of health, e.g. cognitive function, functional status, self-rated health and mortality. 
Dietary patterns, obtained from cluster analysis or a healthy diet indicator (HDI), were used instead of 
single nutrients to investigate these associations. The results are based on different datasets. The 
largest part was performed in five population-based samples from three European countries 
participating in the Seven Countries Study: East and West Finland, Zutphen in The Netherlands, and 
Crevalcore and Montegiorgio in Italy. Around 1970, this dataset consisted of more than 3000 men 
aged 50-69 years. Around 1990 more than 1000 of the men aged 70-89 years participated in the 
follow-up. Another dataset used, comprised the information of 272 men and women aged 64-87 years 
in 1971, from a general practice in Rotterdam, The Netherlands. 
The first part of the thesis concerned the use and the comparison of cluster analysis and the healthy 
diet indicator. Using cluster analysis, groups with different dietary patterns can be discerned, which 
have different profiles of risk factors for cardiovascular diseases. Furthermore, an association was 
observed with 17-year all-cause mortality among men. The HDI, a score which is based on uniform 
cut-off values derived from recommendations of a WHO study group, appeared to be less dependent 
from the dataset under study. It was also associated with 17-year all-cause mortality in men but not in 
women. 
The remaining part of the thesis concerned the associations of dietary intake with several 
determinants of health status at old age in the combined datasets of Finland, Italy, and The 
Netherlands. Cross-sectional analysis of the dietary intake at old age (collected around 1990) 
indicated that the general patterns of dietary intake of the different cultures could still be recognised. 
A retrospective comparison with the dietary intake at middle age (around 1970) lead to the conclusion 
that since then, the dietary partem of the Finnish and Dutch cohorts had changed slightly into the 
direction of a more healthy diet, e.g. less atherogenic, while the diet of the Italian men had remained 
Mediterranean. A healthy diet, as calculated by the HDI, was associated with a reduced 20-year all-
cause and cardiovascular mortality in the three different cultures. Furthermore, there was a tendency 
towards a better cognitive function among the elderly men with a better HDI in four out of five 
cohorts. Physical disabilities were accompanied by lower energy intake in elderly men in all three 
countries. This association was largely, but not completely, due to a lower physical activity. Self-rated 
health seemed to be a very culture dependent variable, since more than 80% of the elderly men in 
Finland felt moderately or not healthy, while this was only 20% and 10% in Italy and The Netherlands 
respectively. Only in Italy, a low self-rated health was associated with a lower energy intake. Since 
the studies on cognitive funtion, physical disabilities and self-rated health were designed cross-
sectional it cannot be decided whether the observed associations were causal or not. 
In conclusion, the studies presented in this thesis underline the importance of dietary intake in the 
maintenance of health at old age (e.g. mortality, cognitive function, functional status, self-rated health). 
Instead of calculating the associations of several health outcomes with single nutrients, a dietary pattern 
approach was used. The results of this international study on diet and health suggests that a healthy 
dietary pattern might have a beneficial effect on health status, but longitudinal studies are needed to 
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The population of elderly people has been growing rapidly during the last decades of the 20th 
century1. In the past, the Dutch population was characterised by a large proportion of young 
(0-14 years) and a relatively small proportion of elderly people (65 years and older) . The 
post-war baby-boom and the decrease of the number of births after 1970 lead to an age 
distribution which is characterised by a decreasing proportion of young and an increasing 
proportion of elderly people. In the Netherlands, from 1950 to 1990 the number of elderly 
aged 65-74 years increased with almost 90%. Between 1950 and 1990 also the so-called 
double greying took place, i.e. the number of the very old (75 years and older) increased with 
over 140%. It is expected that the proportion of elderly people will increase further during the 
next twenty years2. Prognoses for The Netherlands indicate that while the percentage of 
elderly people aged 65 years and over is 13.3% in 1996, it will be 14.9% in 2010 and 18.4% in 
2020 5 . 
This change in age distribution of the population and the increasing proportion of elderly 
people is an important reason for the increase in the prevalence of chronic diseases and 
disabilities during the next twenty years. This will lead to an increased use of health care 
services and thus result in increasing health care costs 2 ' 4 . It is therefore important to gain 
insight into the determinants of these diseases and disabilities and to find possibilities for 
prevention. 
One can distinguish five groups of determinants of disease: biological factors, physical 
environment, life style, social environment, and the health care system2. Examples of life style 
variables are cigarette smoking, alcohol consumption, physical activity, and dietary habits. 
Several studies among people at middle age have indicated that relationships exist between 
dietary intake and chronic diseases such as cardiovascular diseases or different types of 
cancer 5 , 6. Furthermore, intervention studies have indicated that dietary changes might reduce 
mortality and increase quality of life, especially among elderly2'7. Thus, the main aim of this 
thesis was to gain more insight in the role of dietary intake as a determinant of health at old 
age. 
In this introduction, three basic issues will be presented that will be addressed in the thesis. 
Firstly, the rationale will be presented for the use of dietary patterns instead of single nutrients 
or dietary components. Secondly, in most of the studies we used data from three countries of 
the former Seven Countries Study5. This international approach has advantages but also 
consequences for the analyses of dietary data and for the interpretation of the results. Finally, 
the role of diet as a determinant of health and its relation to other determinants at old age will 
be taken into account. 
Dietary patterns 
Traditionally, relationships between diet and health have been studied using single nutrients or 
components of the diet. However, it might be more convenient to study dietary patterns 
instead of single nutrients or food groups. Using dietary patterns, a number of problems can be 
avoided. First of all, the intake of nutrients within an individual's diet is usually highly 
intercorrelated due to the choice of food in which these nutrients occur, or due to the 
consumption of a particular food at the expense of another one 8. In free living populations the 
absolute amounts of major nutrients consumed are positively correlated with total energy 
intake and with each other8. Because of these intercorrelations, conclusions drawn from cross-
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Chapter 1 
sectional population data with respect to single nutrients or food groups might be wrong. 
Secondly, the search for groups with specific dietary patterns in a population also provides 
possibilities for prevention. It can give insight in specific (dietary) problems of groups at risk 
for chronic diseases or disability. 
The methods to measure dietary patterns can be divided in cluster analysis, factor analysis, 
and the use of scores. The purpose of cluster analysis is to aggregate individuals into groups 
on the basis of their dietary intake in such a way that the degree of similarity is higher within a 
group than between groups 9" 1 3. Foods, nutrients expressed in grams/day, or nutrients 
expressed as a percentage of total daily energy intake are used as a basis for clustering 
procedures. In factor analysis, variables instead of individuals are grouped together. The 
procedure generates factors which contain linear combinations of the original variables and 
uncorrelated random error 1 4 - 1 5 . Subjects can then be assigned to the different factors on the 
basis of their individual highest factor score. 
Dietary scores can be calculated in different ways 1 6" 1 9 . For example, a score can be calculated 
to measure the diversity of the diet, counting the number of food groups in the diet 1 7. This 
relative simple method gives only information about the number of different food groups in 
the diet. It provides no quantitative information about the amounts of foods consumed in each 
food group. Another method is to divide the individual daily intake of a nutrient by the age-
and sex-specific RDA for that nutrient (the Nutrient Adequacy Ratio (NAR)) 1 6. Then, a Mean 
Adequacy Ratio (MAR) can be calculated by dividing the sum of NARs for single nutrients by 
the number of nutrients being assessed. The method provides an index of the average percent 
of recommended intake for several nutrients and is therefore a measure for the quality of the 
total diet. A third method is the healthy diet indicator (HDI) described in this thesis. This 
score measures the degree of accordance of an individual's diet with recommendations (foods 
and nutrients) for the prevention of chronic diseases, defined e.g. by the WHO in 1990 2 0 . 
In this thesis two methods will be explored to measure dietary patterns: cluster analysis and 
the healthy diet indicator. We choose for cluster analysis because it is a more direct way to get 
a picture of the actual situation in the data-set with respect to dietary intake compared to factor 
analysis. The cluster analysis procedure directly groups the subjects in the data set on the basis 
of their dietary intake. In factor analysis an extra step has to be taken: people have to be 
assigned to one of the factors on the basis of their highest factor score. Furthermore, this can 
cause difficulties when an individual is "close" to two or more factors. The HDI was chosen 
because it is based on generally applicable dietary recommendations for the prevention of 
chronic diseases. Thus, it provides a relatively independent measure of the quality of an 
individual's dietary intake. 
The use of international dietary data 
A large part of the studies was performed in population-based data from three European 
countries which formerly participated in the Seven Countries Study: Finland, Italy, and The 
Netherlands. In Finland, a typical northern European diet is consumed, which is characterised 
by a high consumption of animal products and potatoes. In Italy, representing the south of 
Europe, a Mediterranean diet was consumed. This diet contains a high intake of cereal 
products, vegetables, legumes, olive oil, and little animal products 2 1" 2 3. The Dutch cohort 
(Zutphen) was positioned in the middle. Several studies have indicated that the northern 
European diet is rather atherogenic while the Mediterranean diet has a beneficial effect on 
health 2 2 ' 2 3 . Thus, we could make use of the large variation in dietary intake between countries. 
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Studying the associations between diet and health in such an international data set has the 
advantage that the variation in variables under study is larger than in national studies. Thus, 
associations can be demonstrated that would not be visible within one culture. However, one 
has to be aware that dietary intake and culture are highly correlated. This can have 
considerable consequences for the analysis of the dietary data. For example the use of cluster 
analysis might be problematic. Also the pooling of international data has to be done with 
caution because it is almost impossible to reach complete comparability of data due to for 
example cultural differences. In chapter 9 this issue will be discussed in detail. 
Determinants of health in the elderly: the role of diet 
Especially among elderly people, health status is determined by many factors. Figure 1 
describes all these factors and demonstrates how they might be related to each other and to 
dietary intake in a layered structure2. Determinants can be divided in endogenous and 
exogenous, indicating an interaction or balance between the genetic background of the 
individual and the influence of the environment. The latter are especially important at old age 
because in that case one has had a whole lifetime of possible exposure to them. In elderly 
people, age is an important 'acquired' determinant of health. Due to ageing the capability of 
dealing with the influence of exogenous risk factors changes. In the layered structure, the 
endogenous determinants are closest to health status itself, and the difference between health 
status and these determinants is not always clear. Also, certain diseases can be determinants 
for other diseases. Therefore, myocardial infarction, angina pectoris, and intermittent 
claudication, are sometimes included in the multivariate models as possible effect modifiers 
of associations between dietary intake and the different health end points. 
The exogenous determinants may interact with the endogenous determinants. This refers to 
the concept of interaction between the genetic background of the individual and the influence 
of the environment. Especially life style, including dietary intake, is characteristic for an 
individual and has therefore a special relationship with endogenous determinants. 
Furthermore, there are also interactions between the different exogenous determinants. For 
example, associations have been demonstrated for food intake with physical activity 2 4 - 2 5, 
alcohol consumption 2 6 ' 2 7 and smoking behaviour 2 5. Exogenous variables concerning the social 
environment are income, education, living alone or social isolation, which also have a 
considerable impact on dietary intake among elderly 2 5 - 2 7 " 3 2 . This thesis aims at a further 
clarification of these interactions between exogenous variables. 
Dietary intake (life style) is the central variable in the analyses performed for this thesis, and 
associations were studied with cognitive function, functional status, and self-rated health. 
These variables are all indicators of health status at old age and are located in the layer of 
indicators of health status. Because of interactions with other exogenous and endogenous 
determinants they are also determinants of health status. Studies have indicated that dietary 
intake might influence cognitive function, functional status, and self-rated health 2 5 - 2 1 • 3 0 - 3 1 , 3 3 ~ 
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Figure 1. Model of determinants of health, derived from the conceptual model for Public 
health Status and Forecasts in The Netherlands2. 
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Outline of the thesis 
The three main points of attention which were mentioned will be addressed in the different 
chapters of this thesis. In chapters 2 and 3 two methods are introduced to measure dietary 
patterns. The first method is cluster analysis, and the second is the calculation of a dietary 
score, the healthy diet indicator (HDI), based on dietary recommendations for the prevention 
of chronic diseases made by a WHO Study Group in 1990 2 0 . Both studies were performed on 
Dutch data sets. Chapter 4 deals with a general description of dietary intake of elderly men in 
Finland, Italy and The Netherlands around 1990 and how diet had changed during the 
previous 20 years. In chapters 5 to 8 the associations between dietary intake and several 
aspects of health status among elderly are investigated. In chapter 5 and 6 results are presented 
of an international study on the association of the HDI with mortality and cognitive function 
respectively. The association of dietary and energy intake with functional status and the role of 
physical activity are addressed in chapter 7. Chapter 8 presents the association of diet and 
energy intake with self-rated health in the three countries. The results of the studies presented 
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Chapter 2 
Abstract 
Background. We investigated whether dietary patterns were associated with cardiovascular 
risk factors in 518 elderly men (70-89 years), using data from the 30-year follow-up survey of 
the Zutphen Study. 
Methods. Dietary intake was estimated by cross-check dietary history. We used cluster 
analysis to aggregate individuals into four groups, characterised by high alcohol intake, high 
meat consumption, healthy dietary pattern, and high intake of refined sugars. 
Results. In the alcohol cluster socioeconomic status was higher (p<0.05) than in the meat 
cluster. HDL-cholesterol was 0.15-0.23 mmol/L higher (p<0.05) in the alcohol cluster 
compared to the other clusters. Furthermore, in the meat cluster HDL-cholesterol was 0.08 
mmol/L higher than in the refined sugars cluster (p<0.05). Total serum cholesterol was 0.26 
mmol/L higher in the high meat cluster compared to the healthy diet cluster (95% confidence 
interval (C.I.) -0.17 to 0.69). The prevalence of hypertension was almost 10% higher in the 
alcohol cluster compared to the other three clusters (95% C.I. -3 to 23). The percentage non-
smokers was highest in the healthy diet cluster. These results were irrespective of potential 
confounders, such as age, body mass index, socioeconomic status, smoking, and being on a 
prescribed diet. 
Conclusions. The effects of moderate alcohol intake on cardiovascular risk factors are 
confirmed in elderly men. Furthermore, a healthy diet is associated with more favourable 
levels of cardiovascular risk factors at old age. 
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Dietary patterns and cardiovascular risk factors 
Introduction 
Dietary factors are associated with cardiovascular risk factors such as serum cholesterol, blood 
pressure, and body mass index. Traditionally, these risk factors are studied in relation to 
specific nutrients or food groups. This approach, however, ignores a main feature of our diet: 
it is composed of a pattern of many different foods which leads to a specific combination of 
nutrients. 
The intake of nutrients within an individual's diet is usually highly intercorrelated due to the 
choice of foods in which they occur, or due to the consumption of a particular food at the 
expense of another one 1. By investigating the association between dietary patterns and risk 
factors, the aetiology remains less clear, but the insight in possibilities for prevention and 
target groups is greatly enhanced. So far, however, only a few studies have used this 
approach2"5. 
In this paper, we described the food intake of 518 elderly men from the Zutphen Study in 
1990. We used cluster analysis to find subgroups of men, characterised by a particular dietary 
pattern. These subgroups were compared with regard to cardiovascular risk factors including 
socioeconomic status and smoking behaviour. Apart from the possibility to investigate dietary 
patterns in relation to cardiovascular risk factors, this population provided us also the 
possibility to investigate whether associations between diet and risk factors persist at old age. 
Subjects and methods 
Study population 
The Zutphen Study is a longitudinal investigation on risk factors for chronic diseases, and 
constitutes the Dutch contribution to the Seven Countries Study. It was originally started in 
1960 with a cohort of 878 men aged 40 to 59 years living in the town of Zutphen in the 
Netherlands. In 1985, the group of men who had been followed since 1960 was enlarged with 
a new group of men of the same age, also living in Zutphen. In total 939 men aged 65-84 
(response rate 74%) were investigated in 1985, of which 380 were followed since 1960 and 
559 had not been investigated before. In 1990, 718 of the 939 men who participated in 1985 
were still alive. Of this group, 560 (78%) men participated in the investigation in 1990. 
Complete information on diet, other risk factors, and socioeconomic status was available for 
518 men. 
Examinations 
All examinations were carried out between March and June 1990. Food intake data were 
collected by the cross-check dietary history method adapted to the Dutch situation6. The 
reproducibility of this dietary history method was investigated and considered to be 
satisfactory7. The method gives information about the usual food intake in 2-4 weeks 
preceding the interview. Each participant was interviewed together with the person who 
prepared the food (usually the wife) for about one and a half hours about his usual food 
consumption on weekdays and during weekends. For the first check, the average consumption 
of foods during a week was estimated, and for the second check the quantities of foods bought 
per week for the whole family were estimated. On the basis of this information food 
consumption on a typical weekday was calculated. The interviews were carried out by 
experienced dieticians who underwent extensive training prior to the field work. Quantities of 
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foods were estimated by the dieticians or using a portable scale. In addition, the use of a 
prescribed diet was recorded. The food intake data were encoded by the dieticians according 
to the Uniform Food Encoding System developed in the Netherlands and converted into 
energy and nutrient values using the 1989 release of the Netherlands food table. 
The medical examinations were carried out by trained physicians. Height and weight were 
measured while the men were wearing underwear only. Blood pressure was measured twice at 
the end of the medical examination while the subject was in supine position. Measurements 
were carried out with a random-zero sphygmomanometer at the subject's right arm. Men were 
considered hypertensive if their systolic blood pressure was equal to or higher than 160 
mmHg, or if their diastolic blood pressure was equal to or higher than 95 mmHg, or if they 
were using antihypertensive medication8. A non-fasting venous blood sample was taken. Total 
cholesterol and high density lipoprotein (HDL) cholesterol concentrations were determined in 
a standardised lipid laboratory at the Department of Human Nutrition in Wageningen, the 
Netherlands9. High density lipoprotein was isolated after precipitation of apo-B containing 
particles with dextran sulfate-Mg 2 + 1 0 . Total and HDL-cholesterol were determined 
enzymatically with the CHOD-PAP mono-testkit from Boeringher Mannheim 1 1. 
Standardisation was realised by using calibration sera from the Foundation of Chemical 
Analysis Quality Control (The Netherlands) for total cholesterol, and calibration sera prepared 
according to Van der Haar et al . 1 2 for HDL-cholesterol. Control sera were obtained from the 
Center for Disease Control, Atlanta, USA. Non-HDL-cholesteroI was calculated as the 
difference between total serum cholesterol and HDL-cholesterol. 
Information about cigarette smoking, which was collected by a standardised questionnaire, 
was used to classify subjects as men who never smoked, men who stopped smoking, and 
current smokers. 
In 1985, information was obtained about the occupational history of the men. This variable 
was used to define socioeconomic status. Four occupational groups were discerned1 3. Group I 
consisted of professionals, managers and teachers. Group II consisted of small business 
owners. Non-manual workers were in group in and manual workers in group IV. 
In 1985 the Zutphen Study was approved by the Medical Ethical Committee of the University 
of Leiden, The Netherlands. 
Statistical methods 
Cluster analysis was used to aggregate individuals into a small number of groups on the basis 
of their scores on food intake, so that the subjects within a group have a higher degree of 
similarity in dietary habits than between groups. In two dimensions, cluster analysis would 
group individuals whose intake of nutrients lie close together on a scatter plot. In higher 
dimensions, cluster analysis groups individuals on the basis of density in multidimensional 
space. 
Cluster analysis is a method that demands a number of decisions made by the researcher 
before the analysis can be performed (such as the variables chosen to be dimensions on which 
the clustering process has to be based, standardisation of the variables, the procedure used to 
select the clusters, and the number of clusters that is required). The variables (dimensions) 
chosen to classify subjects into clusters were energy, oligosaccharides, polysaccharides, 
saturated fatty acids, mono-unsaturated fatty acids, polyunsaturated fatty acids, alcohol, fiber, 
and dietary cholesterol. For these variables dietary guidelines have been formulated by the 
Netherlands Nutrition Council (1986). Macronutrients were expressed as a percentage of total 
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Table 1. Average daily intake of selected nutrients of 518 men aged 70-90 years in the town 
of Zutphen, The Netherlands 
Nutrient Mean SD Range 
Energy (MJ) 8.8 1.9 3.0-15.7 
Saturated fatty acids (En%) 16.2 3.4 7.9-29.5 
Mono-unsaturated fatty acids (En%) 13.8 2.8 6.0-25.7 
Poly-unsaturated fatty acids (En%) 7.0 3.2 1.7-18.8 
Oligosaccharides (En%) 22.7 6.8 5.3-49.5 
Polysaccharides (En%) 20.9 4.5 8.4-41.4 
Alcohol (En%) 3.5 4.6 0-27.6 
Cholesterol (mg/MJ) 30.3 8.4 13.0-65.0 
Fiber (g/MJ) 3.0 0.9 1.1-8.0 
En% = percentage of energy intake 
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energy intake and fiber and dietary cholesterol were expressed per MJ. We included total 
energy intake, to allow the method to differentiate diet not only in qualitative but also in 
quantitative way. All variables were standardised to zero mean and unit variance. This step 
was taken to ensure that discrimination based on small nutrient quantities would not be 
overshadowed by variables with higher absolute values, which would otherwise have had the 
strongest influence on the clustering process. 
We used the FASTCLUS procedure of the SAS statistical analysis computer package as a 
cluster algorithm1 5. FASTCLUS finds disjoint clusters of observations using nearest centroid 
sorting with a fixed number of clusters. This procedure was based on the k-means method. 
Euclidean distance is the metric measure used to express the proximity of individuals. The 
number of clusters was selected on the basis of a plot of the variance that remained within the 
clusters (R2) against the number of clusters (varying from 1 to 9 clusters). Where the plot 
levels off, no further reduction of the within cluster variance is achieved. The number of 
clusters corresponding with this point was chosen to be the best selected number of clusters. 
Mean intake of macronutrients, cholesterol, and fiber was calculated for the entire population. 
Per cluster, the mean intake of energy, nutrients, food groups, and risk factors was calculated. 
Differences in cardiovascular risk factors between pairs of clusters were tested by analysis of 
variance using ScheffS's test. We calculated for each cluster the prevalence of hypertension, 
the percentage of men who were in the highest socioeconomic group, the percentage of non-
smokers, and the percentage of men who were on a doctor's prescribed diet. Differences 
between clusters for these categorical variables were tested by logistic regression analysis. 
Adjusted levels of risk factors were calculated for each cluster by analysis of covariance, 
taking into account age, body mass index, socioeconomic status, smoking behaviour, and 
being on a prescribed diet. In all tests the level of statistical significance was P^0.05. All p-
values were based on two-sided tests. 
Results 
The average energy intake in the whole population was 8.8 MJ (table 1). Thirty seven % of 
energy intake was consumed as fat. Seven % was provided by polyunsaturated fatty acids and 
16.2% by saturated fatty acids. The intake of carbohydrates was 43.6% of total energy intake. 
The average alcohol intake was 3.5% and ranged from 0 to 27.6%. 
Chapter 2 
Using cluster analysis each of the 518 subjects, who were characterised by total energy intake 
measured in kilocalories and nutrient densities expressed as a percentage of energy intake, 
were assigned to one of four clusters. In cluster two and four the number of men was twice as 
high as in cluster one and three (table 2). In cluster one the intake of alcohol was high (1.7 SD 
above average), which was mainly compensated by a lower intake of carbohydrates (figure 1). 
The intake of other variables was about the same as the average of the whole population. The 
men in cluster two had an unfavourable fatty acid intake. Their intake of saturated fatty acids, 
mono-unsaturated fatty acids, and dietary cholesterol was about 0.7 to 1.0 SD higher than 
average. Furthermore, the intake of carbohydrates, fiber and alcohol was below average. The 
diet of the men in cluster three could be considered quite healthy. This group of men was 
characterised by a high intake of polysaccharides and fiber (about 1.3 to 1.4 SD above 
average), while the intake of energy, saturated fatty acids, mono-unsaturated fatty acids, and 
dietary cholesterol was relatively low (0.5 to 0.8 SD below average). Finally, cluster four was 
mainly characterised by a high intake of oligosaccharides (0.9 SD above average). The values 
for other nutrients in this cluster were a little below the mean of the whole population. 
Table 2. Average daily intake of selected nutrients in four clusters, generated on basis of these 










N 85 164 83 186 
Energy (MJ) 9.2 (2.3) 9.0(1.8) 7.8(1.9) 8.8(1.7) 
Saturated fatty acids (En%) 15.9 (2.7) 19.5(2.7) 13.5(2.3) 14.8 (2.2) 
mono-unsaturated fatty acids (En%) 13.7(2.2) 16.3 (2.3) 11.6(2.4) 12.5(1.9) 
poly-unsaturated fatty acids (En%) 7.1 (3.7) 6.4 (2.9) 7.4(3.1) 7.2 (3.2) 
oligosaccharides (En%) 18.2(4.3) 19.1 (5.0) 21.3 (5.4) 28.6 (5.3) 
polysaccharides (En%) 18.4 (3.6) 20.1 (3.6) 27.3 (3.9) 19.8 (3.1) 
alcohol (En%) 11.3 (5.1) 2.1 (2.4) 1.9(2.9) 2.0 (2.6) 
cholesterol (mg/MJ) 31.9 (8.4) 36.4 (7.7) 24.3 (5.3) 27.0 (6.3) 
fiber (g/MJ) 2.6 (0.6) 2.8 (0.7) 4.2 (0.9) 2.8 (0.6) 
En% = percentage of energy intake 
Daily food consumption was calculated in each cluster and compared to the average intake of 
the entire population. Cluster one, which was characterised by a high alcohol intake, showed 
besides an expected higher intake of alcoholic beverages also a higher intake of fish, and nuts 
and seeds (figure 2). In cluster two the intake of meat, eggs, cheese, and edible fats was 
higher; this was the cluster which was characterised by an unfavourable distribution of fatty 
acids in the diet (the high meat cluster). The third cluster, in which the nutrient intake was 
considered healthy, showed a high intake of bread, cereals, potatoes, legumes, vegetables, and 
fruit, whereas the intake of meat, fish, eggs, cheese, milk products, edible fats, and sugar was 
lower than average (the healthy diet cluster). Finally cluster four, which was characterised by a 
high intake of oligosaccharides, showed a higher than average intake of fruit, milk products, 
sugar, and pastries (the refined sugars cluster). 
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Figure 1. Pattern of nutrient intake. For each cluster, the differences in mean nutrient intakes 
between the cohort and the total population (overall mean intake) are expressed as the 
proportion of the overall standard deviation. 
The men in the alcohol cluster were about two years younger than the men in the high meat 
cluster (table 3). Furthermore, the percentage of men in the highest socioeconomic group was 
more than 15% higher in the alcohol cluster compared to the high meat cluster. 
Socioeconomic status remained significantly higher in the alcohol cluster after adjustment for 
age. The healthy diet cluster had a more than 10% higher percentage of non-smokers 
compared to the high meat cluster and the alcohol cluster, which did not change after 
adjustment for age and socioeconomic status. The percentage of men who were on a 
prescribed diet was also 10% higher in the healthy diet cluster compared to the alcohol cluster. 
This difference remained statistically significant after adjustment for age and socioeconomic 
status. 
HDL-cholesterol was 0.15 - 0.23 mmol/1 higher in the alcohol cluster compared to the other 
three clusters (table 3). Furthermore, the concentration of HDL-cholesterol in the high meat 
cluster was 0.08 mmol/L higher than in the refined sugars cluster. Total serum cholesterol was 
0.26 mmol/L higher in the high meat cluster compared to the healthy diet cluster (95% 
confidence interval -0.17 to 0.69). The prevalence of hypertension was almost 10% higher in 
the alcohol cluster compared to the other three clusters (95% confidence interval -3 to 23). 
Systolic and diastolic blood pressure were also highest in the alcohol cluster, although these 
differences were not statistically significant. Non-HDL concentrations were not significantly 
different between the clusters. When age, body mass index, socioeconomic status, smoking, 
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Figure 2. Food group pattern. For each cluster, the differences in mean intakes of food groups 
between the cohort and the total population (overall mean intake) are expressed as the 
proportion of the overall standard deviation. 
Table 3. Selected characteristics in four clusters, generated from a group of 518 men aged 70-
90 years in 1990 in the town of Zutphen,The Netherlands 
Characteristics Cluster 1 Cluster 2 Cluster 3 Cluster 4 
N 85 164 83 186 
mean (SD) 
Age (years) 75 (4) b 77 (5) a 76(5) 76(4) 
Body Mass Index (kg/m2) 25.8 (3.3) 25.6 (3.7) 25.1 (2.7) 25.3 (2.6) 
Total chol* (mmol/L) 6.21 (1.16) 6.11 (1.10) 5.85 (1.06) 6.07 (1.19) 
HDL-chol* (mmol/L) 1.32(0.38)^ 1.17 (0.29)^ 1.14(0.28)a 1.09(0.26) a b 
Non-HDL-chol*(mmol/L) 4.89(1.23) 4.93 (1.12) 4.71 (1.06) 4.98 (1.18) 
Systolic BPf (mmHg) 153 (20) 148 (20) 149 (23) 150 (22) 
Diastolic BPt (mmHg) 83 (12) 80(11) 82 (12) 
% 
82 (12) 
Hypertension 47 37 37 39 
High SES$ 39 b 22 a 25 28 
Non-smokers 72 c 84* 81 
Prescribed diet 13 c 18 29 a 17 
* chol = cholesterol; t BP = blood pressure; $ SES = socio-economic status; a) significantly different from 
cluster 1, p<0.05; b) significantly different from cluster 2, p<0.05; c) significantly different from cluster 3, 
p<0.05; d) significantly different from cluster 4, p<0.05 
28 
Dietary patterns and cardiovascular risk factors 
Discussion 
In this paper we described the dietary intake of 518 men aged 70-89 years in 1990 in the town 
of Zutphen in relation to cardiovascular risk factors. Using cluster analysis the study 
population could be divided into four groups (clusters) with different dietary patterns, which 
were characterised by high alcohol intake, a high meat intake, a healthy diet, and a high intake 
of refined sugars. Socioeconomic status was highest in the alcohol cluster, which remained 
after correction for age. The number of non-smokers was highest in the healthy diet cluster, 
irrespective of socioeconomic status. After correction for potential confounders, HDL-
cholesterol was 0.15 - 0.23 mmol/L higher in the alcohol cluster compared to the other three 
clusters. 
Traditionally, the relationship between risk factors and food intake has been studied with 
respect to single nutrients or components of the diet. However, in free living populations the 
absolute amounts of major nutrients consumed are positively correlated with total energy 
intake and with each other1. Because of these intercorrelations, conclusions drawn from cross-
sectional population data might be ambiguous. To avoid this, recently several investigators 
have focused on dietary patterns instead of single nutrients. Kant and co-workers2 used a 
'dietary diversity score' which counted the number of food groups (dairy, meat, grain, fruit, 
and vegetable) consumed daily, and related this score to mortality. This is a method in which a 
fairly rough estimate of the dietary pattern is used. In other studies cluster analysis, either on 
the basis of food groups 5 or on the basis of nutrients3'4, was used to find dietary patterns. With 
this method it is possible to get a more precise estimate of dietary patterns that are common in 
the study population. In the present study we used cluster analysis on the basis of nutrients for 
which guidelines had been formulated by the Netherlands Nutrition Council 1 4. In this way we 
were able to evaluate the quality of the dietary patterns found. 
Since 1985, the men in the Zutphen cohort further decreased their intake of energy, as well as 
the percentage of energy derived from fat, whereas the intake of fiber had increased 1 6. In the 
Finnish cohorts of the Seven Countries Study the intake of energy of men of the same age was 
much higher (11.3 MJ) than that of the men in Zutphen 1 7. Also, the percentage of energy 
derived from fat was higher while the percentage of polyunsaturated fatty acids was lower in 
Finnish men. Expressed per MJ, the daily intake of cholesterol was higher while intake of 
fiber was lower. In general, it seems that the diet of the Finnish elderly men was less 
favourable than that of Dutch elderly men in Zutphen. 
The percentage of men with a high socioeconomic status was lowest in the cluster with the 
high meat intake and this agrees with the observation that a low socioeconomic status is often 
associated with a high saturated fat diet 3 ' 1 8 . Furthermore, we found the highest percentage of 
men with a high socioeconomic status in the cluster with the high alcohol intake. Also this has 
been demonstrated earlier in the Netherlands 1 9 - 2 0. The percentage of smokers was highest in 
the alcohol cluster and the cluster with the high meat intake. Associations between smoking 
and alcohol use 2 1 and smoking and low socioeconomic status have been reported 
frequently 1 3 ' 2 2 , 2 3. 
Results of a meta-analysis by Mensink and Katan 2 4 made it possible to predict changes in 
serum total cholesterol resulting from the substitution of a certain part of the daily 
carbohydrate intake by fatty acids. These formulas assume that the intake of other nutrients 
remains unchanged. Comparing the healthy diet cluster with the lowest total serum cholesterol 
concentration to the cluster with the high meat intake there were only minor differences in the 
intake of nutrients other than carbohydrates and fatty acids. We found a predicted difference 
in total serum cholesterol of 0.26 mmol/L, completely similar to the actual difference. Thus, 
29 
Chapter 2 
although the difference in serum total cholesterol between the clusters was not statistically 
significant (possibly due to lack of power), this finding indicates that serum total cholesterol 
concentrations are lower in the men with a healthy dietary pattern. 
A similar calculation could be carried out for HDL-cholesterol in the cluster with the high 
intake of refined sugars, which has the lowest HDL-cholesterol concentration, compared to 
the high meat cluster. The calculated difference was 0.09 mmol/L while the actual difference 
was 0.08 mmol/L. Several intervention and observational studies 2 5 - 2 6 have also observed an 
inverse association between carbohydrate intake and HDL-cholesterol, although it has been 
suggested that this may be a transient phenomenon 2 7. However, the results of the present study 
support a HDL-cholesterol elevating effect of saturated fat. 
The alcohol cluster remains in an exceptional position in this context, because no formulas 
have been presented to calculate the effect of the substitution of carbohydrates of fatty acids 
by alcohol on HDL-cholesterol or blood pressure. Nevertheless, in the alcohol cluster the 
highest HDL-cholesterol concentration was found, the prevalence of hypertension was 
highest, and also systolic and diastolic blood pressure were higher than in the other three 
clusters, although these differences were not statistically significant. This finding is supported 
by other studies which demonstrated that alcohol intake is positively associated with HDL-
cholesterol 2 1 , 2 8 , 2 9 and with blood pressure 3 0" 3 2. 
In an additional analysis, we compared the results of this cluster analysis with classical 
multiple regression analyses of total cholesterol, HDL-cholesterol, and blood pressure on 
individual nutrients, and adjusting for age, body mass index, and socio-economic status. This 
showed that the variables which were significantly associated with one of these biological risk 
factors were also most extreme in the cluster in which this biological risk factor was most 
extreme. This further supports the impression that the differences observed between the 
clusters are real. 
In the healthy diet cluster we observed a higher percentage of men who were on a prescribed 
diet than in the other three clusters. This could indicate that patients went on a prescribed diet 
because of their disease. Additional analyses, however, showed that the mean nutrient intake 
was essentially the same when men with prescribed diets were excluded from the clusters, 
indicating that the frequency of prescribed diets is not a likely explanation for the healthy food 
pattern of this cluster. 
This paper described the dietary intake of 518 elderly men in 1990 in the Zutphen Study in 
relation to cardiovascular risk factors. The associations between diet and cardiovascular risk 
factors, which have been described for middle-aged men, were also found at old age. 
Clusterisation appears to be a useful method in the analysis of dietary data. It can be an aid in 
identifying groups with an unhealthy dietary pattern and provides insight in possibilities for 
prevention of chronic diseases or disability. We therefore recommend further analysis 
concerning morbidity and mortality differences between groups with different dietary patterns. 
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Abstract 
Background - In this study among 272 Dutch elderly subjects we compared two methods to 
discern dietary patterns in a population and their association with all-cause mortality. 
Methods - Dietary information on habitual diet was obtained by the cross-check dietary 
history. Cluster analysis generated 3 clusters, characterised by high intake of carbohydrates, 
fat or alcohol. Furthermore, a score based on nutritional guidelines from the WHO, the 
healthy diet indicator (HDI), was calculated for each subject. A higher HDI means a more 
healthy diet. All subjects were assigned to a HDI-category: HDI<2, HDI=2 or HDI>2. Clusters 
and HDI-categories were related to all-cause mortality after 17 years of follow-up. 
Results - In men, both clusters and HDI were associated with mortality. After adjustment for 
age, cigarette smoking and body mass index the relative risk for men in the alcohol cluster 
compared to the carbohydrates cluster was 2.55 (95% CI: 1.28-5.09). Male subjects in the 
highest HDI category had a significantly lower mortality risk compared to the lowest category 
(RR=0.56, p=0.03). For women no significant associations were observed. 
Conclusions - The associations between dietary patterns and mortality were independent of 
the methods used to describe the dietary pattern. Both cluster analysis and HDI have their 
limitations and advantages; the choice which to use depends on the aim of the study. 
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Introduction 
Recently, in studies investigating the relation between diet and chronic diseases or mortality, 
more attention is paid to the role of the dietary pattern in a broader sense, rather than 
investigating one dietary component or nutrient . One of the reasons for this approach is 
that the intake of nutrients within a diet is usually highly intercorrelated, due to the choice of 
foods in which they occur, or due to the consumption of a particular food at the expense of 
another one". Furthermore, this approach gives the possibility to identify groups of 
individuals who are from dietary point of view at higher risk for chronic diseases or mortality. 
Different methods have been used to discern overall dietary patterns, such as cluster 
analysis2'5"7'9, factor analysis 8 ' 1 0, calculation of a dietary diversity score4, or other dietary 
scores 1 , 3. Cluster analysis, for example, can be done to divide subjects into subgroups 
characterised by a particular dietary pattern, so that the degree of similarity in the nutrient 
profile within a subgroup will be higher than between subgroups. This method has been used 
before in a few studies5"7. Another method is the use of a dietary score1. Recently, we 
developed such a score based on dietary guidelines for the prevention of chronic diseases as 
defined by the WHO 1 2 . This healthy diet indicator (HDI) was associated with a lower all-
cause mortality rate, and also with a reduced mortality from cardiovascular diseases after 20 
years of follow-up in cohorts from Finland, Italy and the Netherlands . Since the approaches 
of cluster analysis and the calculation of a dietary score are different, we questioned whether 
the choice of the method to operationalise the dietary pattern affects the obtained results. 
Therefore, we used cluster analysis and the diet score (HDI) to discern dietary patterns in the 
same population of 272 Dutch elderly men and women aged 64 years or more and related 
them to 17-year all-cause mortality. 
Subjects and methods 
Study population 
From 1971 to 1975 a longitudinal health study was carried out by one of us (CHB) among 
elderly men and women in a general practice in Rotterdam, The Netherlands (Feskens et al. 
1991, Bowles 1979). The purpose of this study was to investigate diet and related health 
aspects of non-institutionalised elderly. From the 394 subjects born before 1907 who were 
invited, 340 agreed to participate. Because of limited laboratory facilities 292 subjects, 144 
men and 148 women, were finally medically examined in 1971. Of these, 135 men and 137 
women with complete information on diet and confounding variables participated in this 
study. A mortality follow-up was started in 1988; information about the vital status of the 
subjects during this 17-years follow-up was provided by the municipality registries. 
Examinations 
Dietary information (including alcohol consumption) was gathered by the cross-check dietary 
history method 1 3. This method provided information about the average intake during the 
preceding 14 days. One dietician interviewed the participants and their spouses. Quantities of 
the foods used were estimated by the dietician or if necessary by weighing on a scale and 
results were cross-checked with information on the quantities of food bought during a week 
for the entire household. From these data usual food consumption for an average weekday was 
calculated. In 1988 the food intake data were uniformly coded by one dietician, using the 
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uniform food-encoding table which is an extended computerised version of The Netherlands 
Food Table 1 4. 
The physical examinations were carried out by an experienced general practitioner, according 
to a standardised protocol. Weight and height were measured while the subjects were wearing 
socks and underwear only. Body mass index was calculated (kg/m 2). Blood pressure was 
measured three times on the right arm with subjects in supine position. The lowest measured 
blood pressure value of these three measurements was used for the analyses. Subjects were 
considered to be hypertensive if their systolic blood pressure was >160 mm Hg, or if their 
diastolic blood pressure was >95 mm Hg, or if they were using antihypertensive 
medications 1 5. A fasting blood sample was taken and total serum cholesterol was analysed by 
thin layer chromatography1 6, information on smoking habits was obtained by questions asked 
at the physical examination. Information about the history of cardiovascular and pulmonary 
disease was obtained by a questionnaire from the London School of Hygiene and Tropical 
Medicine 1 7. Diabetes mellitus was determined by an oral glucose tolerance test, conducted 
according to the guidelines of the WHO of 1965 1 8. The presence of prostrate problems and 
cancer were determined by investigation of the patients records. 
Statistical methods 
Cluster analysis was used to generate subgroups of subjects so that the similarity in nutrient 
intake within a group was higher than between groups. The method has been described in 
detail in a previous paper2. The variables on which the cluster analysis was based were intake 
of energy (MJ), fatty acids (monounsaturated, polyunsaturated and saturated) (En%), 
oligosaccharides (En%), polysaccharides (En%), alcohol (En%), fibre (g/MJ) and cholesterol 
(mg/MJ). For these nutrients dietary guidelines have been formulated by the Netherlands 
Nutrition Council because they are considered to have a potential impact on the health of the 
population in general 1 9. To avoid that nutrients with higher absolute values would have 
stronger influence on the clustering process, all variables were standardised to zero mean and 
unit variance. The FASTCLUS procedure of the SAS statistical analysis system was used. It 
produces distinct clusters without overlap, based on the k-means method 2 0. This method has 
been described in more detail2. 
Secondly, we described dietary patterns by a healthy diet indicator (HDI), as developed in a 
previous study (unpublished results). This score is based on dietary guidelines for the 
prevention of chronic diseases which were defined by a study group of the World Health 
Organisation1 2. If an individual's intake of the foods and nutrients mentioned was within the 
recommended borders, a score o f 1' was assigned for that specific food or nutrient. If not, a 
score of '0' was given. The sum of the scores for single nutrients and foods represented the 
healthy diet indicator. It could range from 0 (not in accordance with the WHO-
recommendations) to 9 (completely in accordance with the WHO-recommendations). 
Corresponding to the previous study, energy intake was calculated without energy provided by 
alcohol when calculating the HDI. All subjects were classified in three categories of HDI: low 
(HDI<2), medium (HDI=2) or high (HDI>2), aiming at comparable numbers of subjects in 
each category. 
Differences in baseline characteristics and dietary variables between the clusters and between 
the HDI categories were tested by Scheffg's test for multiple comparisons. Pearson correlation 
coefficients were calculated between the HDI score and baseline characteristics. Cox 
proportional hazards analysis was used to investigate the association of both clusters and HDI 
categories with mortality. Either the healthiest cluster or the lowest HDI-category (HDI<2) 
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was used as a reference category. Models were tested crude and adjusted for the confounders 
age, smoking, BMI and prevalent diseases (Chronic Obstructive Pulmonary Disease, prostate 
problems, diabetes mellitus, myocardial infarction, angina pectoris, intermittent claudication, 
cancer). The models were tested separately for men and women, using SAS software, version 
6.10. The models in which the HDI was tested were additionally adjusted for alcohol 
consumption. P-values were based on two-sided tests and the level of statistical significance 
was 0.05. 
Results 
The study population was made up of 135 elderly men with a mean age of 71.2 years and 137 
elderly women with a mean age of 70.2 years. Because of interaction by gender, all results are 
described separately for male and female subjects. Baseline characteristics of the study 
population are listed in table 1. Mean values of BMI, total cholesterol, systolic and diastolic 
blood pressure were higher for women. Seventy percent of the male subjects were smokers, 
compared to 18 percent of the women. 
Table 1. Baseline characteristics (SD) of the study population. 
Men Women 
Age (years) 71.2 (5.3) 70.2 (4.5) 
Body Mass Index (kg/m2) 24.9 (2.9) 27.3 (3.7) 
Total cholesterol (mmol/L) 6.43(1.33) 7.01 (1.29) 
Systolic blood pressure (mm Hg) 151.0 (22.6) 168.0 (24.5) 
Diastolic blood pressure (mm Hg) 87.1 (11.6) 92.7 (11.5) 
Hypertension (%) 45 72 
Smokers (%) 70 18 
Both among men and among women three clusters could be generated, which could be 
characterised by high carbohydrate intake, high fat intake and high alcohol intake (table 2). 
The carbohydrate clusters were rather comparable between men and women. Both among men 
and women the carbohydrate cluster was characterised by a higher intake of oligosaccharides, 
polysaccharides and fibre while the consumption of dietary cholesterol and alcohol intake was 
relatively low. However, alcohol intake in the female carbohydrate cluster was much lower 
than in the male carbohydrate cluster. More differences were observed between the male and 
female fat clusters and between the male and female alcohol clusters. The male fat cluster was 
characterised by high intakes of saturated, monounsaturated, and polyunsaturated fatty acids. 
In the female fat cluster the consumption of saturated fatty acids and dietary cholesterol was 
relatively high, while energy intake was low. Both alcohol clusters were characterised by 
relatively high alcohol intakes. Furthermore, energy intake was highest in these clusters. 
Alcohol intake in the male alcohol cluster was almost fourfold of the alcohol intake in the 
female alcohol cluster. 
There were no significant differences in mean age, BMI and the percentage of smokers 
between the three male clusters. Among women, the percentage of smokers was significantly 
higher in the alcohol cluster. Hypertension was most prevalent in the alcohol clusters and total 
serum cholesterol was highest in the fat clusters in both men and women, but these differences 
were not statistically significant. 
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Table 2. Average daily intake of selected nutrients in male and female clusters. 
Carbohydrate Fat Alcohol 
cluster cluster cluster 
Men 
N 34 85 16 
Energy (MJ) 8.7 (1.7) be 10.0(1.9) a 11.2(3.5) a 
Saturated fatty acids (En%) 14.0 (2.3) be 18.1 (2.1) a 17.6 (2.9) a 
Mono-unsaturated fatty acids (En%) 15.1 (2.7) be 20.2 (3.0) 8 0 17.4 (2.5) a b 
Poly-unsaturated fatty acids (En%) 7.7 (2.2) 
be 
8.8 (2.6) c 5.9(1.6) 5 
Oligosaccharides (En%) 22.5 (5.5) 16.3 (5.0) a 18.3 (6.7) a 
Polysaccharides (En%) 25.0 (5.4) be 22.1 (3.9) 8 0 16.8 (3.7) * 
Alcohol (En%) 2.5 (2.7) c 2.3 (2.8) c 11.9(8.6) * 
Cholesterol (mg/MJ) 29.7(13.3) 31.0(11.4) 34.0 (14.8) 
Fibre (g/MJ) 2.8 (0.7) be 2.3 (0.6) a 2.0(0.4) a 
Women 
N 41 54 42 
Energy (MJ) 7.6(1.9) 
be 
6.9(1.5) c 8.0 (2.1) b 
Saturated fatty acids (En%) 14.8 (2.3) 20.1 (3.2) a c 18.1 (2.1) ab 
Mono-unsaturated fatty acids (En%) 16.1 (3.4) be 19.3 (3.2) a 20.7 (3.5) a 
Poly-unsaturated fatty acids (En%) 9.1 (3.0) b 7.1 (2.8) 3 0 8.8 (2.2) b 
Oligosaccharides (En%) 21.5(5.4) b 16.4 (5.6) 18.7 (5.7) a 
ab Polysaccharides (En%) 24.6 (3.3) be 20.8 (3.6) 3 0 18.1 (2.7) 
Alcohol (En%) 0.2 (0.6) c 0.4(0.8) c 3.3 (3.8) ab 
Cholesterol (mg/MJ) 27.9 (9.7) b 49.1 (18.6) 3 0 31.9(14.2; I " 
Fibre (g/MJ) 2.9 (0.6) c 2.7 (0.7) c 2.1 (0.5) ab 
En%: Percentage of energy intake; a: significantly different from carbohydrate cluster, P<0.05; b: significantly 
different from fat cluster, P<0.05; c: significantly different from alcohol cluster, P<0.05. 
Mean HDI for men was 2.41 ± 1.17, ranging from 0 to 7. For women the mean HDI was 
lower: 2.29 ± 0.99, ranging from 1 to 6. There were no statistically significant differences in 
the other mentioned risk factors between the three male and between the three female 
categories of the HDI. 
The highest HDI scores were observed in the carbohydrate clusters for both men and women; 
2.62 ± 1.07 for men and 2.65 ± 0.85 for women, indicating that in these clusters the diet was 
most in accordance with the dietary recommendations of the WHO 1 2 . In men mean HDI was 
2.32 ± 1.24 in the fat cluster and 2.44 ± 0.96 in the alcohol cluster (not significantly different 
from the carbohydrate cluster). In women, mean HDI was 2.12 ± 1.17 in the fat cluster and 
2.00 ± 0.81 in the alcohol cluster. The mean HDI-scores for these clusters were significantly 
different from that of the carbohydrates cluster. 
During the follow-up from 1971 to 1988, 102 men (76%) and 85 women (62%) died. Men in 
the alcohol cluster had a significantly higher mortality rate compared to men in the 
carbohydrates cluster (RR=2.15, 95% CI: 1.10-4.21) (table 3). After adjustment for age, 
smoking, Body Mass Index, and prevalent diseases, this association was even stronger: 
RR=2.55 (95% CL 1.28-5.09). Men in the fat cluster had a 50% higher risk of mortality, but 
this association was not statistically significant. No increased risk was observed for the female 
alcohol cluster. The relative risk for mortality in the female fat cluster was around 50% higher 
compared to the carbohydrates cluster (adjusted 1.44,95% CI: 0.87-2.38). 
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Table 3. Rate and Relative Risk (RR) for all-cause mortality according to dietary clusters 
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* confounders: age, smoking, body mass index, and prevalent diseases (Chronic Obstructive Pulmonary Disease, 
Pulmonary emphysema, Prostate problems. Diabetes Mellitus, Myocardial Infarction, Angina Pectoris, 
Intermittent Claudication, Cancer) 
Table 4. Rate and Relative Risk (RR) for all-cause mortality for low, medium and high HDI 
categories. 
Relative Risk (95%-confidence interval) p-trend 
low medium high 
Men 
N 31 38 66 
Mean score 0.81 2.00 3.39 
Death-rate (per 1000 person-years) 113 61 73 
RR - Crude 1.00 0.52 (0.30-0.89) 0.62 (0.39-0.99) 0.11 
RR - Adjusted for age 1.00 0.58 (0.34-1.00) 0.58 (0.36-0.93) 0.04 
RR - Adjusted for confounders* 1.00 0.58 (0.34-1.01) 0.56 (0.34-0.91) 0.03 
Women 
N 32 45 60 
Mean score 0.94 2.00 3.23 
Death-rate (per 1000 person-years) 55 44 55 
RR-Crude 1.00 0.79 (0.44-1.41) 0.98 (0.58-1.67) 0.92 
RR - Adjusted for age 1.00 0.83 (0.47-1.49) 0.98(0.58-1.67) 0.95 
RR - Adjusted for confounders* 1.00 0.85(0.47-1.53) 1.02(0.60-1.73) 0.86 
* confounders: age, smoking, body mass index and prevalent diseases (Chronic Obstructive Pulmonary Disease, 
prostate problems, diabetes mellitus, myocardial infarction, angina pectoris, intermittent claudication, cancer) 
Among men, a healthier diet was inversely associated with all-cause mortality (table 4). An 
almost 40% lower risk was observed for men in the highest HDI category (RR=0.62, 95% CI: 
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0.39-0.99). After adjustment for age, smoking, Body Mass Index, and prevalent diseases, the 
risk ratio was 0.56 (95% CI: 0.34-0.91). Among women, no clear association between HDI 
and mortality was observed (highest compared to lowest category, adjusted RR=1.02, p-trend 
0.86). 
Discussion 
The central theme of this study was to make a comparison of two methods to operationalise 
dietary patterns among a population of elderly men and women. Among men, both methods 
revealed a significant association between dietary pattern and all-cause mortality. After 
adjustment for confounders, the relative risk of mortality in the alcohol cluster was 2.55 
compared to the carbohydrate cluster. A healthy diet indicator score of two or more was 
associated with a 40% decreased risk of mortality compared to the men with a lower score 
(unhealthier diet). Among women, significant associations were not observed for either cluster 
analysis or the healthy diet indicator. 
Both cluster analysis and the healthy diet indicator have the same goal: to operationalise the 
dietary pattern of individuals in a population. However, there are important differences. 
Cluster analysis depends on the actual data set; it lets the data set "speak for itself. Thus, one 
gets a clear picture of the actual situation in the data set under study and it gives the possibility 
to investigate whether these groups are at risk, and what their characteristics are. With this 
approach comparisons with other populations or data sets are difficult to make, because the 
clusters emerging from the different data sets might be not comparable. Especially in an 
international setting, where also cultural differences in dietary patterns play a role in the 
clustering process, this might cause difficulties. In contrast to cluster analysis, the healthy diet 
indicator uses clear, uniform cut-off values to characterise the quality of the dietary pattern. 
Thus, it is less dependent of the data set under study. Therefore, it is easier to use in situations 
where different data sets have to be compared, for example men and women, or international 
comparisons. A possible disadvantage of this method might be that all dietary variables on 
which the healthy diet indicator is based get the same weight in the calculation. 
The method of cluster analysis has been applied before by us. In a population of 518 Dutch 
elderly men we generated four clusters and related these to cardiovascular risk factors2. 
Although there were differences, the interpretation of the clusters was to some extent 
comparable to the present study. In that study, there was also a cluster characterised by high 
alcohol intake, the cluster with high meat consumption corresponded to the present fat cluster, 
and their last two clusters which were characterised by a healthy dietary pattern and a high 
intake of refined sugars, corresponded to the present carbohydrate cluster. Thus, in different 
populations of elderly people in the same country the resulting clusters roughly present the 
same picture. 
Farchi and co-workers7 studied the association of dietary clusters with mortality among 1536 
Italian men aged 45-64 years. They generated four clusters, characterised by a high intake of 
alcohol, high intake of polyunsaturated fatty acids, high intake of monounsaturated and 
saturated fatty acids, and high intake of carbohydrates. Similar to the present study, the 
highest all-cause mortality was observed in the cluster characterised by high alcohol intake. At 
10 years of follow-up they observed a similar rate in the other three clusters which was about 
half that of the alcohol cluster. 
We developed the HDI for a previous study on the association of dietary patterns and 
mortality among elderly men in Finland, Italy and the Netherlands (unpublished results). The 
40 
Dietary patterns and mortality 
distribution of the healthy diet indicator among the Dutch elderly men in this international 
study was almost the same as among the men in the present study. In the international study, 
Dutch elderly men in the highest healthy diet indicator group had a 25% lower risk of all-
cause mortality. In the present study the association with all-cause mortality among men was 
even stronger; we observed a 40% lower risk for men in the highest HDI category. 
Trichopoulou and co-workers1 calculated a diet score which they associated with mortality 
among Greek elderly men and women. This diet score was based on eight component 
characteristics of the traditional Mediterranean diet. Their results tended into the same 
direction. One unit increase in diet score was associated with a significant 17% reduction in 
overall mortality. 
No significant associations were observed among women between dietary patterns and 
mortality, neither with cluster analysis nor with the healthy diet indicator. The variation in 
alcohol intake among the women clusters was relatively small. This might explain why no 
significant effect was observed in the alcohol cluster. The lower number of participants might 
explain why the relative risk in the fat cluster did not reach statistical significance among 
women. It is difficult to explain why the HDI was only associated with mortality in men. The 
variation in HDI was comparable among men and women. So far we did not find any studies 
in which the association between dietary patterns and mortality has been investigated 
separately among women. In two previous studies cluster analyses had not been carried out for 
men and women separately5"6 while in another study male and female clusters were described, 
but not related to cardiovascular risk factors or mortality9. Therefore we could not make any 
comparisons for our female clusters with other studies. More research is needed to investigate 
whether the associations between dietary patterns and health are different for men and women. 
In conclusion, both the HDI and the clusters were associated with mortality among men. 
Among women no significant associations between dietary scores and mortality were 
observed. The HDI is a good measure to be used when the dietary quality of different 
populations has to be described or compared and related to diseases and mortality. Clusters 
give more descriptive information, which can be used to make nutrition education programs 
for persons at risk. Therefore, the choice of a method depends on the aim of the study. The 
HDI could be refined in further studies by varying the items on which the HDI is based and by 
assigning different values to too low and too high in the intakes of those items. 
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Abstract 
Objective - To get insight in dietary habits of elderly people and how these habits have 
evolved from middle to old age. 
Design - Cross-sectional study of dietary patterns around 1990; retrospective cohort-study of 
changes in dietary intake since middle age. 
Setting - Five cohorts: East and West Finland, Zutphen (NL), Crevalcore (I), and 
Montegiorgio (I). 
Subjects - Men aged 70 to 90 years around 1990. 
Methods - Food intake was estimated using a cross-check dietary history adjusted to the local 
situation. 
Results - Cross-sectional: Significant differences were observed between the countries for all 
food groups, energy and nutrients (P<0.05). The Finnish diet was characterised by a high 
consumption of animal products and potatoes, the Italian diet by a high consumption of 
cereals, vegetables, fruits and alcohol. The Dutch diet was generally intermediate. 
Longitudinal: The decrease in energy intake since middle age varied from 4.2 MJ/day in the 
Finnish cohorts to 2.1 MJ/day in Italy. Also the consumption of most food groups decreased 
but the consumption of vegetables and fruits increased. Saturated fatty acid intake decreased 
3 En% in the Finnish cohorts and decreased less than 1 En% in Italy. Alcohol intake decreased 
about 7 En% in Italy while it increased 2.5 En% in the Netherlands. 
Conclusions - Although the general patterns of dietary intake of the different cultures still can 
be recognised at old age, the variation between them has become smaller. Compared to their 
dietary intake at middle age, however, the dietary pattern of the Finnish and Dutch cohorts has 
changed slightly into the direction of a healthy diet while the diet of the Italian men remained 
Mediterranean, and thus more healthy, at old age. 
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Introduction 
During the last decades of the 20th century the population of elderly people has been growing 
rapidly1. In this group, chronic diseases are an important cause of disability and infirmity. 
Several studies have indicated a relationship between diet and the occurrence of chronic 
diseases such as cardiovascular diseases or cancer 2 , 3. Furthermore, dietary intake may affect 
physical or cognitive dysfunctioning4 ,5. Improvement of dietary intake could possibly prevent 
or delay the onset, reduce the severity or stop the worsening of these chronic diseases or 
disabilities, not only at middle age but also at old age. Therefore, insight in dietary habits of 
elderly people and how these habits have evolved from middle age to old age is needed. 
In this paper we describe the dietary patterns of elderly men, aged 70 to 90 years around 1990, 
in five European cohorts of the Seven Countries Study2, in East and West Finland, in 
Crevalcore and Montegiorgio in Italy, and in Zutphen, the Netherlands. The advantage of this 
database is the large variation in dietary patterns, ranging from a Mediterranean diet in the 
Italian cohorts to a northern European diet in the Finnish cohorts. Furthermore, we 
investigated whether these dietary patterns had changed from middle to old age. 
Materials and methods 
Study population 
From 1958 to 1964 sixteen population samples of men aged 40-59 years from seven countries 
have been enrolled and examined at baseline for the Seven Countries Study2. After ten years 
of follow-up central funding and co-ordination of the study ended. However, re-examinations 
were organised in several countries and since 1984, Finland, Italy, and the Netherlands (FINE-
study) have continued the examination of their cohorts, focusing on health and its 
determinants in the elderly. 
In Finland one cohort was situated in the east, in Uomantsi, a rural area close to the Russian 
border. The other cohort was situated in rural West Finland, in Poytya" and Mellila. Two 
cohorts of Italian men participated in the study. One cohort consisted of men living in 
Montegiorgio, a small country village in an area of moderate prosperity in central Italy. The 
men in the second cohort were inhabitants of Crevalcore, a country village in a rather rich area 
in the north. The fifth cohort comprised of men from Zutphen, a small town in the centre-east 
of the Netherlands. 
The study was started in Finland in 1959 and in Italy and the Netherlands in 1960 (table 1). 
Baseline individual dietary surveys were carried out in Finland after ten years, in 1969. 
Complete dietary information was obtained from 612 men in East Finland and 694 men in 
West Finland. Thirty years after the study was started, in 1989, 524 Finnish men were still 
alive of whom 89.7% completed a short questionnaire regarding their general health. From a 
random sample of 350 men, 298 men were selected for the detailed dietary survey. Complete 
information on the dietary follow-up survey was finally obtained from 98 men in East Finland 
and 129 men in West Finland6. From 96 men in East Finland and 127 men in West Finland 
data from both 1969 and 1989 (20 years of follow-up) were available. 
In Zutphen, 878 men originally entered the study in 1960. Baseline individual dietary surveys 
were taken from 721 men after five years, in 1965. In 1985 the group of 555 survivors (the old 
cohort) was extended with a new random sample of 711 men of the same age, also living in 
Zutphen (the new cohort). Of this group of 1266 men 939 men participated. Thirty years after 
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the study was started, in 1990, 718 men were still alive and complete information on the 
dietary follow-up survey was obtained from 249 men from the old cohort and 292 men from 
the new cohort. From 215 men both data from 1965 and 1990 (25 years of follow-up) were 
available. 
Table 1. Number of participants in the dietary surveys used in the analyses 
East West 
Finland Finland Zutphen Crevalcore Montegiorgio 
Start study 
year 1959 1959 1960 1960 1960 
n 823 888 878 993 719 
Baseline diet survey 
year 1969 1969 1965 1965 1965 
n 612 694 721 877 662 
Follow-up 
year 1989 1989 1990 1991 1991 
n 98 129 249+292* 231 190 
* new cohort+old cohort 
In 1965, 877 men in Crevalcore and 662 men in Montegiorgio participated in the baseline 
individual dietary survey. In 1991, of the 306 men who were invited for the follow-up survey 
in Crevalcore, complete dietary follow-up information was obtained from 231 men. Of the 
259 men who were invited in Montegiorgio complete dietary information was obtained from 
190 men. From 223 men in Crevalcore and 185 men in Montegiorgio both data from 1965 and 
1991 (26 years of follow-up) were available. 
Dietary surveys 
Baseline individual dietary intake (in 1965 in Italy and the Netherlands and in 1969 in 
Finland) was estimated by the cross-check dietary history method. This method provides 
information about the usual food consumption pattern six to twelve months preceding the 
interview7"1 2. First, the usual food consumption pattern of a person was assessed during 
weekdays and weekends. This part concerned questions about the foods used at breakfast, 
lunch, dinner, and between the meals. Thereafter a checklist with an extensive number of 
foods was used. The frequencies and amounts consumed were recorded for the different 
foods. The information about the food pattern was compared with the information from the 
checklist. The interviews were carried out by experienced dieticians and nutritionists in all 
cohorts. Although the dietary history method was adjusted to the local situation in each 
specific country, the methodology was comparable. The nutrient intake was assessed using 
computerised versions of the local food tables for the three different countries9"1 2. 
At the follow-up dietary survey (around 1990) the cross-check dietary history method was 
further modified because of the higher age of the men and the large increase of the number of 
foods available. The time period covered by the interview was shortened to the previous 
month. Portion sizes were estimated by 126 colour photographs of various portion sizes in 
Finland, by artificial examples of different foods in Italy, and by a portable scale in the 
Netherlands 6 - 1 3. Dietary interviews were taken during the same time of the year as in previous 
follow-up rounds as much as possible. In Finland the interviews were carried out in autumn 
and in the Netherlands in spring. In Italy the interviews were taken in spring in 1965, and in 
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autumn in 1991. All interviews were carried out by extensively trained dieticians or 
nutritionists in all cohorts. The reproducibility of this dietary history method was investigated 
and considered to be satisfactory , 1 4 . 
For this analysis, we needed a food group classification which was comparable between the 
three countries. However, in Finland foods were first broken down into their ingredients, 
before assigning them to one of the food groups while in Italy and the Netherlands foods were 
directly assigned to food groups. Therefore, much effort has been put in regrouping the food 
group variables in such a way that the comparability was as high as possible. Finally thirteen 
main food groups were constructed which were highly comparable between the three 
countries. 
In 1985 the study was retrospectively approved by the Medical Ethical Committee of the 
University of Leiden, The Netherlands. (No ethical guidelines existed at the time of the first 
surveys.) 
Statistical methods 
All statistical analyses were carried out using the SAS statistical analysis computer package 
(version 6.07) 1 5. For the cross-sectional analyses we used the dietary information of all men 
who participated in the surveys conducted in 1989 in Finland, in 1990 in the Netherlands, and 
in 1991 in Italy (around 1990). Mean intake of energy, nutrients (relative to energy intake), 
and food groups were calculated per cohort. When variables were not normally distributed a 
log-transformation was used. Differences between cohorts were tested using analysis of 
covariance with age as a co-variable. 
For the longitudinal analyses we only used the dietary information available from the men 
who participated both in the baseline and the follow-up dietary survey. Individual changes in 
dietary intake from middle age to old age were calculated. To test whether these individual 
changes were different between the cohorts, analysis of covariance was used (using log-
transformations if the variables were skewed). In this model nutrient intake was regarded as 
the dependent variable, while time, cohort, and the interaction of time with cohort were the 
independent variables. All p-values were based on two-sided tests and a value of 0.05 was 
considered to be statistically significant. 
Results 
Around 1990 mean age varied between 75 and 78 years (table 2) and differed significantly 
between the cohorts (p<0.05). No significant differences in age were observed between 
cohorts within a country. The men from West Finland had the highest mean body mass index, 
whereas the lowest body mass index was found for the men of the Zutphen cohort (p<0.05). 
Furthermore we observed a significantly higher body mass index in West Finland compared to 
East Finland (p<0.05). 
Characteristic food consumption patterns were observed for each country in the cross-
sectional analyses, (table 2). After adjustment for age, significant differences were observed 
between countries for all food groups (p<0.05). In Finland the consumption of potatoes, fish, 
eggs, milk products, fats and oils, and sugar was high. In Italy we observed a high 
consumption of cereals, vegetables, fruit, meat and alcoholic beverages. The food pattern of 
the men in Zutphen was characterised by a low consumption of cereals and fish, while the 
amount of other foods consumed was between the consumptions of Finland and Italy. 
Additionally, we observed significant differences between cohorts within countries. In East 
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Finland the consumption of vegetables and fish was higher, while in West Finland more eggs, 
cheese, and alcoholic beverages were consumed. In Montegiorgio the consumption of sugar 
was lower and the consumption of alcoholic beverages was higher than in Crevalcore. 
However, these differences were much smaller than between countries. 
Table 2. Mean (SD) of age, body mass index, and consumption of food groups in the five 
cohorts around 1990 
East West 
Finland Finland Zutphen Crevalcore Montegiorgio 
N 98 129 541 231 190 
age(yrs) 75.2 (4.2) 76.0 (5.0) 75.4 (4.7) 77.8 (4.3) 77.2 (3.8) 
BMI(kg/m2) 26.0 (3.8) 27.0 (3 .7) a 25.5 (3.2) 26.1 (3.5) 26.0 (3.8) 
cereals* 234 (95) 216 (83) 165 (65) 260 (105) 330(113) 
potatoes* 152 (82) 160 (84) 137 (69) 33 (31) 30 (27) 
legumes* 3(5) 3(4) 8(12) 11(13) 12(16) 
vegetables* 142(124) 104 (78) a 162(71) 151 (94) 233 (108) 
fruit* 243 (249) 212(179) 196 (127) 284(149) 233 (149) 
meat* 116(64) 102 (74) 105 (40) 121 (55) 115(52) 
fish* 68 (73) 42 (42) a 16(19) 17(15) 29 (22) 
eggs* 20 (15) 30 (24) a 16(13) 7(8) 9(9) 
cheese* 16 (20) 24 (26) a 28 (24) 32 (25) 23 (18) 
milk prod.* 952 (480) 887 (372) 392 (279) 220 (234) 84 (121) 
fats and oils* 58 (32) 58 (33) 41 (20) 37 (15) 41 (16) 
sugar* 41 (34) 41 (24) 27 (30) 14 (14) 11 (13) b 
alcoholic bev. 3(5) 6 ( 9 ) a 10(14) 36 (37) 4 6 ( 4 1 ) b 
(g ethanol) 
*: grams per day; a: significantly different from East Finland (p<0.05); b: significantly different from Crevalcore 
(p<0.05) 
The intake of energy and nutrients was also significantly different between cohorts (p<0.05) 
after adjustment for age (table 3). The Finnish nutrient pattern was characterised by a high 
intake of energy, saturated fatty acids, and cholesterol. Almost 20% of energy intake (En%) 
was provided by saturated fatty acids, and total fat comprised more than 35En%. 
Furthermore, cholesterol intake was high, almost 500 mg per day. Calcium intake was more 
than 1500 mg per day, because of the high milk consumption. In Italy, a Mediterranean 
nutrient pattern was evident. Saturated fatty acids provided less than 9 En% of energy intake. 
Cholesterol intake was less than 200 mg per day. The intake of monounsaturated fatty acids 
was about 18 En%, and polysaccharides provided more than 30 En%. Furthermore, alcohol 
intake was higher than 10 En% in both Italian cohorts. The nutrient intake of Zutphen men 
was intermediate. However, energy intake was lowest and intake of polyunsaturated fatty 
acids and fibre was highest of all cohorts. Within Finland we observed a somewhat higher 
intake of alcohol and dietary cholesterol and a lower intake of oligosaccharides and fibre in 
West Finland compared to East Finland. In Montegiorgio the intake of saturated fatty acids, 
polyunsaturated fatty acids, oligosaccharides and dietary cholesterol was a little lower and the 
intake of polysaccharides and alcohol was a little higher than in Crevalcore. 
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Finland Zutphen Crevalcore Montegiorgio 
N 98 129 541 231 190 
Energy (MJ) 2771 (771) 2721 (793) 2096 (463) 2348 (607) 2425 (592) 
Energy (kcal) 11.6 (3.2) 11.4 (3.3) 8.8(1.9) 9.9 (2.5) 10.2 (2.5) 
Sfa (En%) 19.0 (5.3) 19.8 (5.5) 16.3 (3.4) 8.6 (2.6) 6.7 (1.8)b 
Mufa (En%) 11.5(2.1) 12.3 (2.5) 13.8 (2.9) 18.0(4.3) 7.8 (4.0) 
Pufa (En%) 4.4 (2.2) 5.0 (2.4) 7.0 (3.2) 3.6 (2.5) 2.4(1.0)" 
Polysacch. (En%) 22.1 (5.5) 21.6(4.6) 20.9 (4.5) 30.9 (7.5) 6.8 (7.2)" 
Oligosacch. (En%) 25.7 (5.4) 24.2 (5.7) a 22.7 (6.7) 14.3 (5.4) 11.0(4.9)" 
Alcohol (En%) 0.7(1.3) 1.6(2.6)" 3.5 (4.6) 10.2 (9.2) 12.3 (8.9)" 
Cholesterol (mg/MJ) 40.2 (10.2) 43.1 (12.6)" 30.2 (8.6) 19.8 (6.9) 17.6 (6.9) 
Fibre (g/MJ) 2.6 (0.8) 2.3 (0.7) a 3.0 (0.9) 2.2 (0.6) 2.1 (0.6) 
Vitamin C (mg) 113(72) 90 (54) a 95 (50) 67 (38) 85 (39)" 
Calcium (mg) 1614(668) 1535 (566) 1038 (397) 776 (358) 592 (247)" 
Iron (mg) 17.7 (6.1) 16.3 (5.6)" 13.1 (3.6) 12.8 (4.4) 14.8 (5.0)" 
En% = percentage from energy intake; a: significantly different from East Finland (p<0.05); b: significantly 
different from Crevalcore (p<0.05) 
Energy 
Cohorts 
—East Finland (n=96) 
-t-West Finland (n=127) 
• Zutphen (n=215) 
•Montegiorgio (n=185) 
•* Crevalcore (n=223) 
1965 1970 1990 year 




Besides cross-sectional analyses of dietary patterns at old age we also investigated individual 
changes in dietary intake from middle to old age (figure 1). Energy intake strongly decreased 
in all cohorts, varying from a reduction of 4.2 MJ/day (1000 kcal/day) in the Finnish cohorts 
to a reduction of 2.1 MJ/day (500 kcal/day) in Italy (p<0.05). This was reflected in a 
significant decrease in the consumption of almost all food groups (data not shown). 
Exceptions on this observation were consumption of vegetables and fruits, which increased in 









Vegetables and fruit 
Cohorts 
•••East Finland gram 
+West Finland 500 
* Zutphen 
•Moniegiorgio 
•*• Crevalcore 400 
1990 year 
Figure 2. Change in daily consumption of fish, and vegetables and fruit, during follow-up in 
the five cohorts of the FTNE-study 
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Figure 3. Change in daily intake of saturated fatty acids, unsaturated fatty acids, alcohol, and 
fibre, during follow-up in the five cohorts of the FINE-study 
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The intake of almost all nutrients changed significantly from middle to old age and changes 
were significantly different between the cohorts. Saturated fatty acid intake decreased in all 
cohorts varying from a reduction of 3 En% in the Finnish cohorts to a reduction of less than 1 
En% in Italy (figure 3). Intake of unsaturated fatty acids (mono and poly) decreased with 4.6 
En% in Zutphen but increased from 1 to 3.5 En% in the Finnish and Italian cohorts. Alcohol 
intake decreased in Italy with about 7 En%, while it increased with 2.5 En% in the 
Netherlands. The consumption of fibre increased with about 0.7 g/MJ (3 g/1000 kcal) per day 
in the Netherlands while a decrease of about 1 g/MJ (4 g/1000 kcal) per day was observed in 
the Italian cohorts. 
Discussion 
The main purpose of this paper was to evaluate the dietary intake of elderly men (aged 70 to 
90 years) within three European countries. The food pattern of the elderly men in Finland is a 
typical northern European diet, with a high consumption of animal products and potatoes, 
while that of the men in Italy could be regarded as Mediterranean. A Mediterranean diet 
contains high consumptions of cereal products, vegetables, legumes, olive oil, and little meat, 
eggs, and milk, while wine is consumed in moderate amounts 1 6. The Zutphen cohort was 
positioned between these two countries, not only in geographical sense, but also with respect 
to food group and nutrient intake. Although statistically significant differences between 
cohorts within a country were observed, the differences between the countries were much 
larger and therefore more important from a public health point of view. 
The longitudinal analyses of the data demonstrated a remarkable decrease in energy intake in 
all cohorts. Furthermore, changes were observed in the intake of important dietary risk factors 
for chronic diseases such as cardiovascular diseases and cancer. Saturated fatty acid intake 
decreased in all cohorts while the consumption of vegetables and fruits increased in all 
cohorts. A decrease in alcohol consumption was observed in Italy, and fish consumption 
increased in West Finland. Although the relative position of the cohorts was largely 
maintained at old age, the differences in dietary patterns between countries have become 
smaller since the sixties. 
In this study, the cross-check dietary history method was used. This method refers to habitual 
dietary intake and is acknowledged as a valid method in an epidemiological setting 5 ' 1 7 , 1 8 . 
Because of practical reasons different points in time were used to estimate dietary intake at 
middle age for the Finnish cohorts compared to the Italian and Dutch cohorts. Thus, at their 
baseline dietary survey, the men in the Finnish cohorts were five years older than the Dutch 
and the Italian men at their baseline dietary survey. We therefore checked whether people with 
the same age at entry (i.e. 50-64 years) in each country showed the same kind of inter-cohort 
differences as the total group. We found no significant differences in mean intakes at baseline 
nor at follow-up in either of the cohorts (data not shown). Additionally, total follow-up time 
was relatively long compared to the time difference between baseline measurements. 
The Euronut SENECA Study assessed the intake of energy and nutrients of elderly men and 
women born between 1913 and 1918 in 12 European countries 1 9. Comparing the dietary 
intake in the Italian and Dutch cohorts in their study with the results of the cohorts of the 
present study generally the same patterns were observed. No Finnish cohorts were included in 
the Euronut-SENECA study, but the results of our Finnish cohorts were highly comparable to 
the results of their Norwegian cohort. Similar to our study, the SENECA-investigators 
observed a trend towards more homogeneous dietary patterns within Europe, although there 
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was still a wide variation in mean intake levels of energy and macronutrients among elderly 
people. 
Few longitudinal studies have been reported concerning changes in dietary patterns in the 
elderly. From 1980 through 1989, a longitudinal study was conducted on dietary intake of 
healthy elderly American men and women, initially aged 72 years 2 0. Both in this study and in 
all cohorts of the FTNE-study, the intake of energy and saturated fatty acids decreased with 
advancing age. Carbohydrate intake increased significantly in the American study. This was 
also observed in our Dutch and Italian cohorts, while carbohydrate intake decreased in 
Finland. Changes in dietary intake of elderly in a Canadian longitudinal study on dietary 
intake, conducted from the 1960s through the 1980s, were also largely comparable to the 
changes observed in the FTNE-study21. The decrease in carbohydrate intake in our cohorts 
from Finland and the decrease in alcohol consumption in the Italian cohorts are an exception. 
The increase in fibre intake in the Canadian elderly men was only observed in the Dutch 
cohort of the FTNE-study. 
The WHO has formulated population nutrient goals for the prevention of chronic diseases 2 2. 
When these are applied to the results of this study, it appears that in general the diet of the 
men in the Italian cohorts conforms best with these guidelines. This is in agreement with the 
finding that total mortality has been lowest in the Mediterranean cohorts in the Seven 
Countries Study 2 3. 
It can be questioned whether the observed changes in dietary intake are solely a physiological 
effect of age on nutritional needs. It has been argued that nutritional deficiencies in older 
people are more likely to be associated with socio-economic and behavioural factors than with 
age changes in nutritional requirements2 4. Furthermore, in a cross-sectional study of diet in the 
elderly it was shown that both educational level and family income were associated with 
nutrient intake 2 5. Changes in dietary intake can also be the result of a reduced physical activity 
at higher ages, which leads to a decrease in energy-needs and thus to a decrease in dietary 
intake 2 6. For example, most men in the Finnish cohorts were forestry workers or employed in 
heavy agricultural work at middle age, but retired in 1989. Finally, changes in the composition 
of the diet can be the result of secular changes in time such as the availability of new food 
products and the effect of health education programs. A meta-analysis of longitudinal studies 
on trends in dietary fat intake in the US demonstrated that dietary fat intake by elderly 
people during the 1970s was higher than during the 1980s. 
It can be concluded that although the general patterns of dietary intake of the different cultures 
still can be recognised at old age, the variation between them has become smaller. The 
northern European cohorts, e.g. East and West Finland and, to a lesser extent Zutphen, still 
consume an atherogenic diet at old age, while the Italian diet is still Mediterranean. Compared 
to their dietary intake at middle age, however, the dietary pattern of the Finnish and Dutch 
cohorts has changed slightly into the direction of a healthy diet while the diet of the Italian 
men remained Mediterranean at old age. 
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Objective - To investigate the association of the quality of the dietary pattern with mortality 
in three European countries. 
Design - Cohort study with 20 years of mortality follow-up. 
Setting - Five cohorts in Finland, the Netherlands, and Italy. 
Subjects - Population-based random sample of 3045 men aged 50 to 70 years in 1970. 
Main Outcome Measures - Food intake was estimated using a cross-check dietary history 
adapted to the local situation. A summary score was calculated using the WHO-guidelines for 
the prevention of chronic diseases. A higher score indicates a dietary pattern more in 
accordance with the WHO-guidelines (a healthy diet). Vital status was verified after twenty 
years of follow-up and the mortality rate was calculated. 
Results - There was a large variation in dietary intake in 1970 between the three countries. In 
Finland and the Netherlands the intake of saturated fatty acids and cholesterol was high while 
the intake of alcohol was low. In Italy the opposite was observed. In total 1796 men died 
(59%) during 20 years of follow-up. A healthy diet was associated with a lower mortality rate 
(p-trend<0.05). After adjustment for age, smoking, and alcohol consumption, the relative risk 
(RR) in the group with the highest healthy diet indicator compared to the lowest group 
amounted to 0.87 (95% CI: 0.77-0.98). The estimated RR's were essentially similar within 
each country. 
Conclusions - A healthy diet is associated with a reduced all-cause mortality in different 
cultures. Calculating a healthy diet indicator is a useful method to evaluate dietary patterns 
with respect to mortality risk. 
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Introduction 
Many studies have been conducted in which selected nutrients or food groups were studied in 
relation to mortality1"5. However, there are several advantages in studying dietary patterns in 
relation to mortality. The intake of nutrients within the diet is usually highly correlated due to 
the choice of foods in which these nutrients occur, or to the consumption of a particular food 
at the expense of another one 6. This is taken into account by the calculation of dietary 
patterns. Secondly, studying dietary patterns in relation to mortality provides a practical way 
to evaluate the health effects of adherence to dietary guidelines by individual consumers7. It 
can be an aid in identifying groups with an unhealthy dietary pattern and provide insight in 
possibilities for prevention of chronic diseases or disability. 
To our knowledge, the use of a dietary pattern to study the association with mortality has only 
been studied in national data 7" 1 0. We developed a healthy diet indicator, based on the WHO 
dietary recommendations for the prevention of chronic diseases 1 1 and investigated its 
association with all-cause mortality during 20 years of follow-up in population based samples 
from three different countries (Finland, Italy and The Netherlands). 
Subjects and methods 
Study population 
From 1958 to 1964 sixteen population samples of men aged 40-59 years from seven countries 
have been enrolled and examined at baseline for the Seven Countries Study 1 2. Since 1984, 
Finland, Italy, and the Netherlands have continued the examination of their cohorts, focusing 
on health and its determinants in the elderly. The population has been described in detail in a 
previous publication1 3. The participating cohorts were East and West Finland, Crevalcore and 
Montegiorgio (Italy), and Zutphen (The Netherlands). 
The study was started in 1959 in Finland and in 1960 in Italy and the Netherlands. Baseline 
dietary information used in this study was gathered in 1969 in the Finnish cohorts and in 1970 
in the Dutch and one Italian cohort (Crevalcore). From Montegiorgio the 1970 data were only 
available on a subset of men. Therefore, the dietary data gathered in 1965 from the men who 
were still alive in 1970 were used as an approximation for dietary intake in 1970. During the 
first ten years of the Seven Countries Study dietary intake in Finland, Italy, and the 
Netherlands has been relatively homogeneous within the cohorts 1 2. We therefore consider it 
legitimate to use the 1965 dietary data of Montegiorgio as an approximation for intake in 
1970. 
Information on diet in 1970 was available of 612 men in East Finland, 694 men in West 
Finland, 615 men in Zutphen, and 592 men in Crevalcore. We had dietary information in 1965 
of 662 men in Montegiorgio. The analyses in this study are based on 606 men from East 
Finland (89%), 683 men in West Finland (91%), 608 men in Zutphen (79%), 591 men in 
Crevalcore (69%), and 557 men in Montegiorgio (85%) for whom complete information on 
diet and confounding variables was available at baseline (1969-1970). 
Examinations 
Food intake around 1970 was estimated with the cross-check dietary history method. This 
method provides information about the usual food consumption pattern six to twelve months 
preceding the interview 1 4" 1 8. First, the usual food consumption pattern of a person was 
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assessed during weekdays and weekends. This part concerned questions about the foods used 
at breakfast, lunch, dinner, and between the meals. Thereafter a checklist with an extensive 
number of foods was used. The frequencies and amounts consumed were recorded for the 
different foods. The information about the food pattern was compared with the information 
from the checklist. In Finland the interviews were carried out in autumn and in the 
Netherlands and Italy in spring, carried out by extensively trained dieticians or nutritionists. 
The dietary history method was adapted to the local situation in each specific country, but the 
methodology was comparable. The nutrient intake was assessed using computerised versions 
of the local food tables for the three different countries 1 6 ' 1 8" 1 9. 
Information about cigarette smoking was collected by a standardised questionnaire. Subjects 
were classified as men who never smoked, men who stopped smoking, and current smokers. 
Men who never drank alcohol were classified as abstainers. Based on the mortality experience 
of Italian men, moderate drinkers were defined as men who consumed up to six glasses per 
day. Those who drank more than six glasses of alcohol per day were defined as heavy 
drinkers 2 0. 
The men were followed for mortality during 20 years. None of the men was lost to follow-up. 
The underlying cause of death was coded in a standardised way, by one reviewer (AM), using 
the 8th revision of the WHO International Classification of Diseases. The final cause of death 
was based on information from the official death certificate, in combination with information 
from medical and hospital records. In Finland, after the 5th year of follow-up only death 
certificates were available for assigning the cause of death. The coder of the causes of death 
was blind to the risk factor status of the subject. In the case of multiple causes of death, 
priority was given to accidents, followed by cancer in advanced stages, coronary heart disease, 
and stroke. For the present analyses cardiovascular disease was defined as ICD-8 codes 390-
450 and A795. Code A795 was a special choice of the study group, identifying sudden death 
of probable coronary origin, occurring within two hours from the onset of symptoms. Cancer 
was defined as ICD-8 codes 140-239. Other causes included all other deaths not covered in 
these rubrics. 
Statistical methods 
The healthy diet indicator was calculated using the dietary guidelines for the prevention of 
chronic diseases, defined by the World Health Organisation A dichotomous variable was 
generated for each food group or nutrient which was included in these guidelines (table 1). If a 
person's intake was within the recommended borders this variable was coded one and if the 
intake was outside these borders, it was coded zero. The healthy diet indicator was the sum of 
all these dichotomous variables. 
To avoid overlap, the variables total fat and total carbohydrates were omitted in the 
calculation of the healthy diet indicator. Salt was not included because only information about 
the sodium content in foods was available and it was not known how much salt was added 
during preparation of meals and at the table. We used a variable mono- and disaccharides 
instead of free sugars because we could not generate a variable free sugars which was 
comparable between the countries. This has overestimated the actual intake of free sugars, 
especially in Finland, where the intake of milk products and therefore of lactose is high. 
Because alcohol consumption in Italy was high compared to the other two countries, intake of 
macronutrients was calculated as a percentage of energy intake without energy provided by 
alcohol, before they were entered in the healthy diet indicator. 
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Table 1. Criteria which were used to assign healthy diet values (dichotomous), largely based 
on the dietary guidelines for the prevention of chronic diseases 1 0. 
Nutrient or food group dichotomous variable 
= 1 if: 
dichotomous variable 
= 0if: 
Saturated fatty acids 0-10 en% >10 en% 
Poly-unsaturated fatty acids 3-7 en% <3 or >7 en% 
Protein 10-15 en% <10or>15en% 
Complex carbohydrates 50-70 en% <50 or >70 en% 
Dietary fibre 27-40 g** <27 or >40 g 
Fruits and vegetables >400g <400g 
Pulses, nuts, seeds >30g <30g 
Mono- and (^saccharides 0-10 en% >10 en% 
Cholesterol 0-300 mg*** >300mg 
* en%=percent of energy intake; ** g=grams per day; *** mg=milligrams per day 
Both in the pooled populations and in each country separately, participants were divided into 
three tertiles (low, medium, and high) according to their healthy diet indicator. In Finland and 
the Netherlands, and also in the pooled populations, cut off values were 'smaller than 2 ' , 
'equal to 2' , and 'higher than 2' . Irt Italy the cut off values were 'smaller than 3 ' , 'equal to 3 or 
4 ' , and 'higher than 4 ' . 
Differences in baseline characteristics between cohorts were tested with analysis of variance 
using Scheffi's test for multiple comparisons. Frequencies of categorical variables in the 
different cohorts were compared by the chi-square test. Cox proportional hazards survival 
analysis was used to investigate the relationship between healthy diet indicator groups and 
mortality in the total study population after testing a model including the interaction between 
healthy diet indicator and country. Adjustments were made for age at baseline, cigarette 
smoking, and alcohol consumption. All confounders except age at baseline were entered in the 
model as dummy variables. Analyses were repeated for each country separately. All p-values 
were based on two-sided tests and a p-value of 0.05 was considered to be statistically 
significant. The SAS statistical analysis computer package (version 6.10) was used. 
Results 
Out of the total study population of 3045 men, 1796 men died (59%) during twenty years of 
follow-up (table 2). Mortality rate was highest East Finland and lowest in Montegiorgio. 
Mean age at baseline varied between 58 and 60 years. It was significantly lower in East 
Finland than in West Finland, Zutphen, and Crevalcore. The percentage of smokers varied 
from 42% to 57 %. Alcohol intake varied largely among the cohorts. 
There was a large variation in dietary intake in 1970 between the cohorts (table 3). Median 
energy intake varied between 11 and 15 MJ. Also there were remarkable difference in nutrient 
intake, e.g. median saturated fatty acid intake varied between 22% in Finland and 9% in 
Montegiorgio (Italy). The minimum healthy diet indicator was 0. The maximum healthy diet 
indicator varied from 5 in Finland to 8 in Italy. The healthy diet indicator was positively 
associated with alcohol intake (r=0.42, p=0.0001) while it was inversely associated with 
cigarette smoking (r=-0.05, p=0.005). 
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Table 2. General characteristics of the cohorts in 1969 (Finland) and 1970 (Italy and The 
Netherlands) followed for 20 years 
East West Creval- Monte-
Finland Finland Zutphen core giorgio 
N 606 683 608 591 557 
n died (from all causes) 395 412 346 346 297 
person-years 8408 9942 9239 8588 8527 
rate (n died/1000 py) 47 41 37 40 35 
age in 1970 (SD) 58.3 59.6 59.5 59.5 59.1 
(5.4) (5.5)* (5.3)* (5.0)* (4.8) 
smoking in 1970** 
never % 12.9 25.0 7.6 27.1 31.8 
ever % 29.7 32.7 39.6 21.5 17.6 
present % 57.4 42.3 52.8 51.4 50.6 
alcohol consumption** 
abstainers 37.3 36.3 28.3 4.6 1.4 
moderate (<= 60 g/day) % 61.4 61.8 71.1 45.0 39.0 
heavy (>60 g/day) % 1.3 1.9 1.0 50.4 59.6 
* significantly different from East Finland (p<0.05; Scheffe\ multiple comparisons); ** significantly different 
between cohorts (p<0.05; chisq-test) 
Table 3. Median and range of daily intake in 1970 of dietary components on which the healthy 
diet indicator was based 
East West 
Finland Finland Zutphen Crevalcore Montegiorgio 
Energy MJ 14.8* 15.4 10.7 12.2 11.7 
5.2-33.6 f 5.1-45.7 4.1-20.8 3.3-26.0 4.1-28.0 
Sfa* En% 21.7 21.6 17.5 14.1 9.2 
9.7-40.6 8.0-36.7 5.8-28.1 2.5-28.6 3.1-23.1 
Pufa§ En% 2.8 2.9 6.7 4.6 3.5 
1.8-7.2 1.4-5.4 1.3-18.6 1.3-13.6 1.6-20.4 
Protein En% 12.7 12.7 12.7 14.9 11.6 
7.2-20.2 5.4-19.4 6.3-23.1 7.9-24.0 7.1-21.4 
Complex carb. En% 23.5 25.0 22.4 36.3 49.3 
6.5-42.9 8.9-41.5 8.7-35.8 9.3-65.6 20.3-69.6 
Dietary fibre g 37.9 35.1 23.7 28.9 35.9 
6.2-108.9 6.9-111.2 6.4-51.1 4.1-87.7 8.0-98.3 
Fruit and vegetables g 200.1 209.8 333.5 250.0 137.0 
4.7-1479.6 0.9-3067.9 0-1433 0-1717 6.0-844.0 
Pulses, nuts, seeds g 4.1 6.0 3.0 0 2.0 
0-53.8 0-59.3 0-71 0-50 0-117.0 
Oligosacch. En% 25.2 23.5 21.6 11.4 4.8 
10.6-52.0 12.2-64.0 6.2-45.4 1.5-34.3 1.5-24.9 
Cholesterol mg 627 649 374 349 20.2 
136-2209 215-1907 76-1305 36-1043 22-909 
Median; t Range; $ Sfa = saturated fatty acids; § Pufa = poly-unsaturated fatty acids 
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A healthy diet was inversely related to all-cause mortality in the pooled population analyses 
(table 4). In an additional analysis the interaction between healthy diet indicator and country 
was not statistically significant (p>0.20). We therefore considered it appropriate to do a 
pooled analysis. When analysed separately, in each country an inverse association between the 
healthy diet indicator and all-cause mortality was observed which was of a similar magnitude 
as in the pooled populations, although not statistically significant. 
Table 4. Relative Risk for all-cause mortality among 3045 men aged 50 to 69 years at 
baseline, in the pooled populations and per country by healthy diet indicator group 
Relative risk (95% -confidence interval) 
Low* Medium* High* p-trend 
Pooled populations 
Number 785 969 1291 
Mean HDI 0.9 2.0 4.0 
Mortality ratef 42 42 37 
Crude 1.00 1.00(0.88-1.13) 0.85 (0.76-0.96) 0.004 
Adjusted for age 1.00 0.95(0.84-1.07) 0.82 (0.73-0.92) 0.0006 
Adjusted for confounders$ 1.00 0.99(0.87-1.11) 0.87 (0.77-0.98) 0.03 
Finland 
Number 529 552 208 
Mean HDI 0.9 2.0 3.1 
Mortality ratef 46 44 41 
Crude 1.00 0.96(0.83-1.11) 0.89(0.72-1.09) 0.25 
Adjusted for age 1.00 0.93(0.80-1.08) 0.86 (0.70-1.06) 0.14 
Adjusted for confounders$ 1.00 0.97(0.83-1.12) 0.90(0.73-1.10) 0.31 
The Netherlands 
Number 139 214 255 
Mean HDI 0.9 2.0 3.4 
Mortality ratef 37 40 35 
Crude 1.00 0.95(0.74-1.20) 0.79(0.57-1.11) 0.20 
Adjusted for age 1.00 0.93(0.73-1.19) 0.73 (0.52-1.02) 0.08 
Adjusted for confounderst 1.00 0.91 (0.72-1.16) 0.75 (0.53-1.05) 0.09 
Italy 
Number 320 459 369 
Mean HDI 1.6 3.4 5.5 
Mortality ratef 38 39 33 
Crude 1.00 1.01 (0.83-1.22) 0.85(0.69-1.04) 0.11 
Adjusted for age 1.00 1.04(0.86-1.26) 0.86(0.70-1.06) 0.13 
Adjusted for confoundersj 1.00 1.04(0.86-1.26) 0.89 (0.72-1.09) 0.23 
* In the pooled population, in Finland and in The Netherlands, cut off values were for the tertiles were: 
Low <2, Medium =2, High >2. In Italy the cut off values were: Low <3, Medium 3 or 4, High >4; 
t n died/1000 py; $ confounders are: age, cigarette smoking, and alcohol consumption 
In the pooled population analyses, an 18% lower risk of cardiovascular disease mortality was 
observed in the highest compared to the lowest group (p-trend<0.05), after adjustment for 
confounders. Cancer mortality was 15% lower in the highest group, compared to the lowest 




This study demonstrates that 20-year mortality rates are lowest in men with the most healthy 
diet according to WHO-recommendations. After adjustment for age, cigarette smoking, and 
alcohol consumption, the mortality risk was about 15% lower in the group with the highest 
healthy diet indicator compared to the lowest group. An even stronger inverse association was 
observed between the healthy diet indicator and mortality from cardiovascular diseases. 
Several other studies have used the approach of studying dietary patterns or a combination of 
nutrients instead of single nutrients or dietary components, but these were all executed on a 
national level 7" 1 0 , 2 1 ' 2 2 . A recent study by Trichopoulou and co-workers8 used an approach 
highly comparable to ours. They assessed the influence of a specific dietary pattern on overall 
survival among 182 elderly residents of three rural Greek villages. A diet score was calculated 
on the basis of eight component characteristics of the traditional Mediterranean region. One 
unit increase was associated with a 17% reduction in overall mortality. Nube and co-workers7 
investigated the effect of a dietary score on longevity among 2,820 middle-aged Dutch civil 
servants. They used a food frequency recall instead of an extensive dietary history. A 
significant linear trend was observed of 25-year survival rate over the three tertiles. The 
results of these national studies confirm the results of the present international study. 
Since dietary patterns are highly determined by cultural influences (for example the 
Mediterranean dietary pattern 2 3), we did not adjust for country in the pooled population 
analyses. The variable country has a strong cultural component which is responsible for (part 
of ) the variation in dietary patterns. Adjustment for this variable would result in an over 
correction and an underestimation of the true association between the quality of the diet and 
mortality. When the countries were analysed separately, the associations between the healthy 
diet indicator and all-cause mortality were essentially the same although they no longer 
reached statistical significance. Probably this is due to a low statistical power resulting from 
the smaller numbers of subjects within a country. 
We questioned whether one of the components of the HDI could be held responsible for the 
observed association with mortality. Therefore, we analysed the same models for each of the 
components of the healthy diet indicator separately to find out whether this was the case. For 
most of the components the association was not statistically significant (data not shown). 
Furthermore, different components were responsible for the association in different countries. 
This is in agreement with the results observed by Trichopoulou and co-workers8, who 
observed significant results for only one of the individual components. We therefore 
concluded that the dietary pattern as whole, as reflected in the HDI, was responsible for the 
observed association. 
The variation in alcohol intake over the cohorts was large. In Italy mean alcohol intake was on 
average ten times higher than in Finland. Therefore, a representation of the macronutrient 
intakes in percentages of total energy intake would be misleading, since the high alcohol 
intake in the Italian cohorts would lead to a diluting effect on macronutrient intake compared 
to the other two countries. Therefore, we separated the effect of alcohol from that of the 
healthy diet indicator by calculating macronutrient intake relative to energy intake excluding 
energy from alcohol, we regarded alcohol intake as a possible confounder in the association of 
HDI with mortality. The high cut-off for moderate alcohol consumption was chosen for 
practical reasons. Although these categories were rather crude, we do not expect that residual 
confounding resulted in large artefacts since inverse associations between alcohol intake and 
mortality have been observed for up to six glasses per day 2 0 . 
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We calculated energy intake per kg body weight as an approximation of physical activity to 
adjust for it in the survival analyses 2 4. However, the results were essentially the same (data not 
shown). Since no other reliable measure of physical activity was available we could not adjust 
for it in the present study. 
In the analyses we did, we assumed that the diet consumed in 1970 is indicative for the diet 
eaten between 1970 and 1990. However, from a previous paper investigating dietary changes 
in these cohorts during this period1 3 we know that, although the general dietary patterns of 
dietary intake of the different cultures could still be recognised after twenty years, the 
variation between them had become smaller. This might have resulted in attenuation of the 
association. 
Besides all-cause mortality, we were also able to investigate mortality from cardiovascular 
diseases and cancer, the most important causes of premature death in the developed 
industrialised countries". Since there is abundant evidence that dietary intake affects these 
diseases, this was given special attention in the WHO recommendations for the prevention of 
chronic diseases. Our results suggest that these recommendations may be effective. The 
healthy diet indicator, which was based on these recommendations, was not only associated 
with a reduced all-cause mortality, but also with an even stronger reduced mortality from 
cardiovascular diseases. 
We conclude that a healthy diet, as quantified by a healthy diet indicator, is associated with a 
reduced all-cause mortality. It is a useful method to evaluate dietary patterns with respect to 
risk of mortality, not only within a country but also in a cross-cultural setting. Since the 
healthy diet indicator was based on guidelines for the prevention of chronic diseases, this 
study provides evidence that the WHO dietary recommendations for the prevention of chronic 
diseases may be effective. 
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Abstract 
Dietary patterns were related to cognitive function in 1049 men aged 70-91 years around 1990 
in five cohorts from Finland, the Netherlands, and Italy. Food intake was estimated by cross-
check dietary history. Based on the WHO-guidelines for the prevention of chronic diseases a 
healthy diet indicator was calculated (HDI). A higher HDI indicates a diet more in accordance 
with the WHO-guidelines. Cognitive function was measured by the Mini-Mental State 
Examination (MMSE). It varied from 23.2 in Crevalcore (Italy) to 26.2 in Zutphen (the 
Netherlands). There was a tendency towards an inverse association between HDI and 
cognitive function in four out of five cohorts. In Zutphen the Odds Ratio was 0.81 (95% CI: 
0.63-1.04) after adjustment for age, education, cigarette smoking, alcohol consumption and 
energy intake. In Crevalcore the association was statistically significant: OR=0.75 (95% CI: 
0.58-0.97). A healthy diet might be associated with a better cognitive function in elderly men. 
However, since the results were not consistent over all five cohorts, further research is needed 
to confirm this finding and to decide whether this association is causal. 
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Introduction 
Cognitive performance is an important indicator of health and functioning in elderly people. 
Because the proportion of elderly people is growing in Western societies, research on 
determinants of cognitive function is of increasing relevance. Cognitive decline can be 
regarded as a marker of a dementing process, and current knowledge on the aetiology of 
dementia may point at potential risk factors for cognitive impairment with ageing. 
Some investigators have suggested a direct association between nutritional status and 
cognitive function in elderly. Goodwin and co-workers1 demonstrated an association between 
poor performance on cognitive tests and low intake and serum levels of riboflavin, folate, 
vitamin B12, and vitamin C \ although Basun and colleagues2 demonstrated that vitamin B12 
levels were not lower in people with Alzheimer's disease. Thiamine, riboflavin, and iron 
status in the blood were associated with neuropsychological function in an experimental study 
in 28 persons aged 60-87 years 3. Vitamin B6 supplementation in elderly men aged 70-79 years 
was shown to affect storage of information in long-term memory 4. Furthermore, a relation has 
been suggested between sugar intake (especially glucose) and enhanced memory, particularly 
in elderly individuals5. However, no associations between macronutrient intake and cognitive 
impairments were observed in a study in a free-living elderly population aged 65 years or 
more in France 6. 
Indirect associations have been suggested between dietary factors and cognitive function also. 
It has been postulated that cognitive decline partly results from the presence of cardiovascular 
diseases7. This hypothesis is supported by the observation that in vegetarians the prevalence of 
dementia was lower than in meat-eaters8. This finding was ascribed to the lower consumption 
of saturated fatty acids and cholesterol by vegetarians which are thought to play a role in the 
aetiology of cardiovascular disease9. Recently, also for stroke several dietary risk factors were 
reported, such as protective effects of vegetables and fruit 1 0" 1 1, flavonoids 1 2, and fish 1 3. 
We hypothesised that a well balanced diet is a prerequisite for a good cognitive function. 
Therefore, we developed a healthy diet indicator (HDI), based on the dietary 
recommendations for the prevention of chronic diseases of a WHO study group 9. This HDI 
measures the degree of accordance of a person's dietary pattern with these recommendations. 
We investigated the association between the HDI and cognitive performance, measured by the 
Mini-Mental State Examination, in an international study among elderly men in Finland, Italy, 
and the Netherlands. 
Subjects and methods 
Study population 
From 1958 to 1964 sixteen population samples of men aged 40-59 years from seven countries 
were enrolled and examined at baseline for the Seven Countries Study 1 4. Re-examinations 
were organised in several countries and since 1984, Finland, Italy, and the Netherlands have 
continued the examination of their cohorts, focusing on health and its determinants in the 
elderly. 
In this study we report about cross-sectional data concerning dietary intake and functional 
status which were gathered during the 30-year follow-up surveys, carried out in Finland in 
1989, in the Netherlands in 1990, and in Italy in 1991. Detailed information about the study 
population has been reported elsewhere 1 5. In 1989, 524 Finnish men were still alive of whom 
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89.7% completed a short questionnaire regarding their general health. From a random sample 
of 350 men, 298 men were selected for the detailed dietary survey, because of limited 
resources. Complete information on the dietary follow-up survey was finally obtained from 98 
men in East Finland and 129 men in West Finland 1 6. In Zutphen, in 1990, out of the 718 men 
who were alive, 541 men participated in dietary survey. In the fall of 1991, 614 men from the 
Italian cohorts were still alive. All survivors were invited to participate in the study, and 427 
responded. Complete dietary information was obtained from 231 men in Crevalcore and 190 
men in Montegiorgio. In the present analyses, complete information for diet, cognitive 
function and confounding variables was available for 96 men in East Finland, 125 men in 
West Finland, 518 men in Zutphen, 216 men in Crevalcore, and 180 men in Montegiorgio. 
Examinations 
The surveys were carried out in spring (The Netherlands) or in the autumn (Finland and Italy). 
Food intake data were collected by the cross-check dietary history method adapted to the local 
situation (16-19). Although the dietary history method was adjusted to the local situation in 
each specific country, the methodology was comparable. The reproducibility of this dietary 
history method was investigated and considered to be satisfactory20. The method gives 
information about the usual food intake in the months preceding the interview. 
Each participant was interviewed together with the person who prepared the food (usually the 
wife) for about one and a half hours about his usual food consumption on weekdays and 
during weekends. For the first check, the average consumption of foods during a week was 
estimated, and for the second check the quantities of foods bought per week for the whole 
family were estimated. On the basis of this information food consumption on a typical 
weekday was calculated. Portion sizes of selected foods were estimated by 126 colour 
photographs of various portion sizes in Finland, by artificial examples of different foods in 
Italy, and by a portable scale in the Netherlands . The nutrient intake was assessed using 
computerised versions of the local food tables for the three different countr ies 1 6 , 1 8 " 1 9 . The 
interviews were carried out by experienced dieticians and nutritionists in all cohorts. 
In a controlled hospital setting global cognitive function was measured. A trained nurse 
administered a translation of the 30-point Mini-Mental State Examination (MMSE) to the 
participants. The local translation of the MMSE, developed by Folstein et al. 2 1 was used. It 
includes questions on orientation to time and place, registration, attention and calculation, 
recall, language and visual construction. This screening test was originally created for a 
clinical setting 2 1, and is extensively used in epidemiological studies 2 2. It is available in many 
languages 2 3" 2 4. Although it tests a limited set of cognitive functions, these are important to 
daily functioning and severely affected in dementia. We used a score of ^ 23 as cut-off point, 
since this is indicative of mild cognitive impairment 2 3. 
Information about cigarette smoking was collected by standardised questionnaires. We 
classified subjects as men who never smoked, men who had stopped smoking, and current 
smokers. Men who did not drink alcohol were classified as abstainers. Those who drank not 
more than three glasses per day (not more than 30 g/day) were classified as light drinkers, 
those who drank three to six glasses (between 30 and 60 g/day) per day were classified as 
moderate drinkers, and those who drank more than six glasses of alcohol per day (more than 
60 g/day) were classified heavy drinkers. We chose this high cut-off value of six glasses per 
day for heavy drinkers because of the high alcohol consumption in Italy. Li the same Italian 
rural populations, Farchi et al . 2 6 demonstrated that mortality rates started to increase at about 
60 grams of alcohol per day. 
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In 1985 the study was retrospectively approved by the Medical Ethical Committee of the 
University of Leiden, The Netherlands. (No ethical guidelines existed at the time of the first 
surveys.) 
Healthy diet indicator 
We used the dietary guidelines for the prevention of chronic diseases which were defined by a 
study group of the World Health Organization9 as a basis for the calculation of a healthy diet 
indicator. A dichotomous variable was generated for each food group or nutrient. Jf a person's 
intake was within the recommended borders this variable was coded 1 and if the intake was 
outside these borders, it was coded 0. The healthy diet indicator was calculated as the sum of 
all these dichotomous variables (range 0-9). 
Table 1. Criteria which were used to calculate the Healthy Diet Indicator (HDI), largely based 
on the dietary guidelines for the prevention of chronic diseases9 
Nutrient or food group dichotomous variable = 1 dichotomous variable = 0 
if: if: 
Saturated fatty acids 0-10 en%* >10 en% 
Polyunsaturated fatty acids 3-7 en% <3 or >7 en% 
Protein 10-15 en% <10 or >15 en% 
Complex carbohydrates 50-70 en% <50 or >70 en% 
Dietary fibre 27-40 g f <27 or >40 g 
Fruits and vegetables >400g <400g 
Pulses, nuts, seeds >30g <30g 
Mono and disaccharides* 0-10 en% >10 en% 
Cholesterol 0-300 mg§ >300mg 
* en%=percent of energy intake; t g=grams per day; t Both refined and added sugars are included; 
§ mg=milligrams per day 
From the WHO-guidelines we used the items saturated fatty acids, polyunsaturated fatty acids, 
protein, complex carbohydrates, dietary fibre, fruits and vegetables, legumes, nuts and seeds, 
oligosaccharides, and cholesterol to calculate the healthy diet indicator (table 1). The WHO 
also presented guidelines for the consumption of total fat and total carbohydrates. However, 
we did not include these in the healthy diet indicator since the effect of these variables was 
already represented by their subgroups, saturated fatty acids and polyunsaturated fatty acids, 
and complex carbohydrates and free sugars. We used a variable mono and disaccharides 
instead of free sugars because we could not generate a variable free sugars which was 
comparable between the countries. This has overestimated the actual intake of free sugars, 
especially in Finland, where the intake of milk products and therefore of lactose is high. 
Because alcohol consumption in Italy was high compared to the other two countries, we 
calculated intake of macronutrients as a percentage of energy intake without energy provided 
by alcohol. 
Statistical methods 
Differences in mean values of selected characteristics between cohorts were tested using 
analysis of variance. Frequencies of categorical variables in the different cohorts were 
compared by the chi-square test. Differences between the men with normal cognitive function 
and mild cognitive impairment were tested within each cohort using Student's t-test or the 
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chi-square test. To investigate whether the dietary pattern was associated with cognitive 
performance in elderly men, we used a logistic regression model with the healthy diet 
indicator as the explanatory variable, both crude and after adjustment for age, years of 
education, cigarette smoking, alcohol consumption, and energy intake. These analyses were 
carried out for each cohort separately. All p-values were based on two-sided tests and a p-
value of 0.05 was considered to be statistically significant. All statistical analyses were carried 
out using the SAS statistical analysis computer package (version 6.10). 
Results 
Mean age of the participants varied from 75.1 years in East Finland to 77.8 years in 
Crevalcore (Italy) (table 2). The average score on the MMSE varied from 23.3 in Crevalcore 
to 26.2 in Zutphen. In West Finland the MMSE was significantly higher than in East Finland 
(p<0.05) but in Italy no significant difference between the cohorts was observed. More than 
40% of the men had mild cognitive impairment (MMSE^23) in Crevalcore and East Finland, 
while this was only 14% in Zutphen. Education also varied significantly between the cohorts. 
In East Finland men were educated for almost three years on average, while the men in 
Zutphen had on average 10 years of education. When the MMSE was adjusted for age and 
education the differences between the cohorts became much smaller, ranging from 24.3 in 











N 96 125 478 
mean (SD) 
216 180 
Age (years) 75.1 (4.1) 75.9 (4.9) 75.3 (4.5) 77.8 (4.2) 77.1 (3.9) * 
Education (years) 2.8 (2.5) 5.0 (2.8)f 10.3(4.1) 5.1 (2.6) 4.2 (2.3)f * 
Sumscore MMSE* 23.8 (4.3) 25.2 (3.6)f 26.2 (3.3) 23.3 (4.3) 23.6 (5.2) * 
Sumscore MMSE*9 24.8 25.8 25.0 24.3 24.8 * 
HOP* 1.9(1.1) 2.1 (1.0) 2.5 (1.0) 3.4 (1.3) 4.1 (l.l)t * 
Energy intake (MJ/day) 11.7(3.2) 11.4(3.4) 8.9 (2.0) 
% 
10.0 (2.5) 10.3 (2.4) * 
MMSE^23 41.7 30.4 14.4* 42.1 38.9 * 
Cigarette smoking 
No 20.8 30.4 18.4 30.1 37.2 * 
Ex 67.7 61.6 59.6 54.2 47.2 
Current 11.5 8.0 22.0 15.7 15.6 
Alcohol intake 
Abstainers 46.9 36.0 24.7 15.7 10.0 * 
Moderate (560 g/day) 53.1 64.0 74.3 65.7 66.1 
Heavy (>60 g/day) 0.0 0.0 1.1 18.5 23.9 
* significantly different between the cohorts (p<0.05); f significantly different from the other cohort in the same 
country (p<0.05); $ Mini Mental State Examination; § Adjusted for age and education; 1 Healthy Diet Indicator 
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The mean healthy diet indicator (HDI) varied from 1.9 in East Finland to 4.1 in Montegiorgio. 
It ranged from 0 to 5 in Finland and the Netherlands, and from 0 to 7 in Italy. Average energy 
intake was highest in the Finnish cohorts and lowest in Zutphen and differed by more than 2.5 
MJ/day. Alcohol intake also varied largely between the cohorts. The percentage of abstainers 
ranged from 47% in East Finland to 10% in Montegiorgio. Also smoking habits were 
significantly different between the cohorts and the percentage of current smokers varied 
between 8% in West Finland and 22% in Zutphen. 
In all cohorts, men with mild cognitive impairment were significantly older and had less 
education (table 3). In all cohorts except East Finland, men with a normal cognitive function 
had a higher HDI than men with mild cognitive impairment. In West Finland and Crevalcore 
the difference was statistically significant (p<0.05). In Montegiorgio, but not in other cohorts, 
men with mild cognitive impairment had a lower energy intake than men with normal 
cognitive function (p<0.05). No significant differences in smoking and drinking habits were 
observed between men with normal and mildly impaired cognitive function. 
Table 3. Comparison of selected characteristics between elderly men with normal and 
impaired cognitive function in Finland, The Netherlands, and Italy 
East West Zutphen Crevalcore Monte-
Finland Finland (NL) (I) giorgiof!) 
N* I* N* I* N* I* N* I* N* I* 
Number 56 40 87 38 409 69 
mean 
125 91 110 70 
Age (years) 74.2 76.4T 74.7 78.7* 74.8 78.0* 76.5 79.5* 76.3 78.4* 
Education (years) 3.7 1.6* 5.7 3.4* 10.5 9.0* 5.9 4.1* 4.8 3.1* 
HDI* 1.8 2.1 1.8 1.0* 2.5 2.3 3.6 3.2* 4.2 4.0 




No 23.2 17.5 28.7 34.2 18.1 20.3 31.2 28.6 38.2 35.7 
Ex 62.5 75.0 64.4 55.3 60.5 56.5 55.2 52.8 47.3 47.1 
Current 14.3 7.5 6.9 10.5 21.8 23.2 13.6 18.7 14.6 17.1 
Alcohol intake 
Abstainers 41.1 55.0 35.6 36.8 22.0 40.6 § 10.4 23.1 s 9.1 11.4 
Moderate 58.9 45.0 64.4 63.2 77.0 58.0 72.0 57.1 64.6 68.6 
Heavy 0.0 0.0 0.0 0.0 1.0 1.5 17.6 19.8 26.4 20.0 
* N=Normal cognitive function, I=Impaired cognitive function: Mini Mental State Examination score i 23; 
t SignificanUy different from the men with normal cognitive function (p<0.05); % Healthy Diet Indicator; 
§ % among men with normal cognitive function significantly different from % among the men with impaired 
cognitive function by Chi-square test (p<0.05). 
After adjustment for age, education, cigarette smoking, alcohol consumption, and energy 
intake, in all cohorts except East Finland, a healthy diet was inversely associated with mild 
cognitive impairment (table 4). In Zutphen, the association was borderline significant. The 
adjusted odds ratio for one unit increase in the HDI was 0.81 (95% CI: 0.63-1.04). In 
Crevalcore, the association was statistically significant. The adjusted odds ratio for one unit 
increase in the HDI was 0.75 (95% CI: 0.58-0.97). Since we observed a significant interaction 
of HDI with the dummy variable for East Finland (p=0.006), no pooled analysis was done. 
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Table 4. Crude and adjusted Odds Ratio's (95% CI) per unit of Healthy Diet Indicator (HDI) 
on the presence of impaired cognitive function 
East West Finland Zutphen Crevalcore Montegiorgio 
Finland (NL) (D (D 
Number 96 125 478 216 180 
Crude 1.37 0.66 0.88 0.77 0.82 
(0.93-2.02) (0.44-0.98) (0.70-1.11) (0.62-0.95) (0.63-1.07) 
Adjusted * 1.54 0.86 0.84 0.77 0.84 
(0.97-2.43) (0.55-1.35) (0.66-1.07) (0.60-0.98) (0.62-1.13) 
Adjusted f 1.50 0.83 0.81 0.75 , 0.94 
(0.92-2.46) (0.52-1.33) (0.63-1.04) (0.58-0.97) (0.68-1.29) 
* confounders are: age, education 
t confounders are: age, education, cigarette smoking, alcohol consumption, energy intake 
Discussion 
To our knowledge, this is the first study that investigated the association between dietary 
patterns and cognitive function. In four out of five cohorts, a healthy diet was associated with 
a reduced prevalence of mildly impaired cognitive function. In Zutphen one unit increase in 
the HDI was associated with an odds ratio of 0.81 for mild cognitive impairment (95% CI: 
0.63-1.04). In Crevalcore the OR was 0.75 (95% CI: 0.58-0.97). Since the study design was 
cross-sectional we are not able to determine whether a healthy diet prevents an impaired 
cognitive function or whether an impaired cognitive function results in a less healthy diet. 
Several reasons can be postulated to explain why the observed inverse association was 
statistically significant in one cohort only. Firstly, the statistical power in each of the separate 
cohorts might have been to low to find statistically significant associations. Also, the lack of 
variation in dietary intake, and thus in the HDI, within each of the cohorts might have played a 
role. In Finland and the Netherlands the HDI ranged from 0 to 5, while it ranged from 0 to 7 in 
the Italian cohorts. This might explain why we observed the strongest association in one of the 
Italian cohorts (Crevalcore). Selective non-response might be a third reason why the effects 
did not reach statistical significance. If the men with the lowest cognitive function did not 
participate in the study because of their health status, this might have resulted in a smaller 
variation in cognitive function in the study population. 
In contrast with the other cohorts, we observed that in East Finland the men with a healthier 
diet had a lower cognitive function, although the association was not statistically significant. 
A possible explanation for this observation could be the history of this cohort. Cardiovascular 
disease mortality has been extremely high in this cohort 2 7. During the past 20 years the area in 
which this cohort is situated has been subject to a health education campaign aiming at an 
improvement of the dietary habits of the inhabitants 2 8" 2 9. Possibly the former unhealthy dietary 
pattern may have had an effect on the development of cognitive decline, while the actual diet 
has been improved due to effects of the campaign. In a cross-sectional analysis this might 
result in the observation that men with lower cognitive function consume healthier diets. 
In each of the cohorts, we investigated the associations of the separate dietary components of 
the healthy diet indicator with cognitive performance. This did not highlight any specific food 
or nutrient that could be held responsible for the observed association between the HDI and 
cognitive function. The dietary components that were significantly associated with cognitive 
function were not the same in each of the cohorts (data not shown). These results support the 
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hypothesis that the combination of different dietary components, the dietary pattern, is 
responsible for the observed association with cognitive function. 
In the dietary recommendations for the prevention of chronic diseases of the WHO 9 no advice 
is given on the consumption of fish. Also no recommendations are made with respect to B-
vitamins. In accordance with this, these dietary components were not included in the 
calculation of the HDI, although they may be important for elderly people. We additionally 
calculated a HDI in which the consumption of fish and the consumption of at least 1 mg of 
thiamine were included. The associations with cognitive function hardly changed (data not 
shown). From this we conclude that the entire dietary pattern is responsible for the observed 
association with cognitive function. 
Dietary intake might cause cognitive decline by influencing cardiovascular diseases7. We 
checked whether intermediating diseases or risk factors were responsible for the observed 
associations. However, adjustment for a history of stroke, myocardial infarction, and for 
intermittent claudication diagnosed by a trained physician according to a standardised 
protocol, hypertension, and total or HDL cholesterol did not influence the association between 
diet and MMSE (data not shown). This hypothesis could therefore not be confirmed in the 
present study. 
The average score on the MMSE differed significantly between the cohorts. The percentage of 
men with mild cognitive impairment was more than 40% in Crevalcore and East Finland 
while it was 14% in Zutphen. Partly this might be explained by a difference in education 
between the countries. Several studies discussed the role of education in the measurement of 
functional status 2 5 , 3 0 " 3 2 . Tombaugh and Mclntyre 2 5 indicated that differences in educational 
levels might increase the likelihood of misclassifying normal subjects as cognitively impaired. 
This might be particularly evident when subjects have fewer than nine years of education, 
which is the case among a large part of the men in the Italian and Finnish cohorts. However, 
after adjustment for age and education the differences in MMSE between the cohorts were 
still statistically significant, which indicates that also other factors are responsible for the 
observed difference such as genetic factors, career, life style, culture, and dietary intake. 
Furthermore, it has to be mentioned that participation rates in Finland were higher than in The 
Netherlands and Italy and thus the proportion of men with impaired cognitive function was 
higher. 
We did not find studies investigating the association of dietary patterns with the risk of 
cognitive impairment. Pradignac and co-workers6 investigated the association of the intake of 
separate macronutrients with cognitive impairment in a free living elderly population of 226 
men and 215 women aged 65 or more in France. Food intake was measured by a three-day 
record. Cognitive function was assessed with the MMSE. They concluded that macronutrient 
deficiencies are of little importance in the worsening mental autonomy of the elderly, and that 
the relationships found might be the effect of a better state of health. However, they 
investigated the association of single nutrients with cognitive function. The present study 
suggests that an association exists when the separate dietary components are combined in one 
indicator of the quality of the dietary pattern. Previously, an association has been 
demonstrated between such an indicator and mortality 3 3. 
The results of the present study suggest that a healthy diet could be associated with a better 
cognitive function in elderly men. Since the effects were not consistent in all cohorts, the 
results have to be confirmed in other studies. Longitudinal investigations are needed to 
conclude whether a healthy dietary pattern can prevent cognitive decline or whether it is the 
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Objectives - To compare dietary and energy intake between men with physical disabilities and 
without physical disabilities. Furthermore, we investigated whether differences in physical 
activity could explain the observed associations. 
Design and setting - Cross-sectional study in Finland, Italy and The Netherlands 
Participants -1152 Men aged 70-90 years around 1990. 
Measurements - Dietary intake was measured using a cross-check dietary history. Self-
reported functional status was measured as disabilities in daily activities, using a 13-items-
questionnaire. Physical activity was measured by a self-administered questionnaire originally 
designed for retired men. 
Results - The men reporting physical disabilities were significantly older and less physically 
active in each of the three countries. The consumption of food groups was generally lower 
among the disabled men. This resulted in a significantly lower energy intake in the men who 
reported disabilities in all countries. The pooled analyses revealed that after adjustment for 
age, energy intake was inversely associated with functional status (OR=0.87, 95% CI: 0.82-
0.93). Multivariate analyses demonstrated that the lower energy intake in the disabled could 
for the largest part be explained by a lower physical activity. 
Conclusions - Physical disabilities are accompanied by a lower energy intake in elderly men. 
This association is largely, but not completely, due to a lower physical activity. 
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Introduction 
Among elderly the prevalence of (chronic) diseases which can lead to disabilities or a 
decreased functional status 1 ' 2, is high. Diseases or disabilities could lead to a low dietary 
intake due to a decreased physical activity3. Also other factors associated with chronic 
diseases and disabilities (psychological and social) might result in loss of appetite or a 
decreased attention for dietary intake3"5. A low energy intake resulting in a low nutrient intake 
could have a detrimental effect on the health status of elderly6. 
Physical activity is associated with functional status and disabilities7"10. It has been 
hypothesised that those who engage higher levels of physical activity beyond middle age will 
continue to maintain better functional status". Furthermore, physical activity could secure an 
adequate intake of essential nutrients, through an increased metabolic rate 1 2 . On the other 
hand, a decreased functional status can lead through a decreased physical activity to a 
decreased dietary intake. Therefore, physical activity might be an important confounder in the 
association of energy intake with functional status. 
In this study we compared the dietary and energy intake of men aged 70-90 years reporting 
disabilities with those who did not report disabilities in Finland, Italy and The Netherlands. 
Furthermore, we investigated whether physical activity could be responsible for the observed 
associations. 
Subjects and methods 
Study population 
From 1958 to 1964 sixteen population samples of men aged 40-59 years from seven countries 
were enrolled and examined at baseline for the Seven Countries Study 1 3. After ten years of 
follow-up central funding of the study ended. However, re-examinations were organised in 
several countries and since 1984, Finland, Italy, and The Netherlands have continued the 
examination of their cohorts, focusing on health and its determinants in the elderly. 
This report concerns data on diet and functional status which were gathered in the 30-year 
follow-up surveys. These were carried out in Finland in 1989, in The Netherlands in 1990, and 
in Italy in 1991. Detailed information about the study populations has been reported 
elsewhere 1 4. In 1989, 524 Finnish men were still alive of whom 89.7% completed a short 
questionnaire regarding their general health. From a random sample of 350 men, 298 men 
were selected for the detailed dietary survey. Complete information on diet was finally 
obtained from 98 men in East Finland and 129 men in West Finland 1 5. In Zutphen, in 1990, 
out of the 718 men that were invited, 541 men participated in the dietary survey, hi 1991, 614 
men from the Italian cohorts were still alive; complete dietary information was obtained from 
231 men in Crevalcore and 190 men in Montegiorgio. In the present analyses, data from all 
the men with complete information on diet and functional status were used: 98 men in East 
Finland, 128 men in West Finland, 518 men in Zutphen, 226 men in Crevalcore and 182 men 
in Montegiorgio. 
Examinations 
All relevant data were collected according to the international protocol used in the previous 
surveys of the Seven Countries Study 1 6. Trained physicians and nurses conducted the clinical 
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investigations at local survey sites. Questionnaires filled in by the participants were checked 
for missing values and inconsistencies by the staff. 
Dietary surveys 
In all three countries food intake data were collected by the cross-check dietary history method 
adapted to the local situation 1 5 , 1 7" 1 9 . Although the dietary history method was adjusted to the 
local situation in each country, the methodology was comparable. The reproducibility of this 
dietary history method was investigated and considered to be satisfactory20. The dietary 
history provides information about the usual food intake in the months preceding the 
interview. Each participant was interviewed together with the person who prepared the food 
(usually the wife) for about one and a half hours about his usual food consumption on 
weekdays and during weekends. For the first check, the average consumption of foods during 
a week was estimated, and for the second check the quantities of foods bought per week for 
the whole family were estimated. On the basis of this information food consumption on a 
typical weekday was calculated. Portion sizes were estimated by 126 colour photographs of 
various portion sizes in Finland, by artificial examples of different foods in Italy, and by a 
portable scale in The Netherlands. The nutrient intake was assessed using computerised 
versions of the local food tables for the three different coun t r i e s 1 5 , 1 8 , 1 9 . The interviews were 
carried out by experienced dieticians and nutritionists in all counties, hi Finland and Italy the 
interviews were carried out in autumn and in The Netherlands in spring. 
Food group classification needed to be comparable between the three countries. However, in 
Finland foods were first broken down into their ingredients, before assigning them to one of 
the food groups while in Italy and The Netherlands foods were directly assigned to food 
groups. Therefore, much effort has been put in regrouping the food group variables in such a 
way that the comparability was as high as possible. Finally twelve main food groups were 
constructed which were highly comparable between the three countries. No complete 
comparability between the countries could be reached with respect to the groups sugar, sugar 
products and pastry. We therefore decided to present these groups separately in the tables. 
Men who never drank alcoholic beverages were classified as abstainers. Those who drank not 
more than three glasses per day were classified as light drinkers, those who drank four to six 
glasses per day as moderate drinkers, and those who drank more than six glasses of alcoholic 
beverages per day as heavy drinkers. This cut-off value of 60 g of alcoholic beverages per day 
for heavy drinkers was chosen because of the high alcohol consumption in Italy, hi a paper by 
Farchi et al. 2 1 which dealt with the same Italian rural populations starting from the survey of 
1965, a high alcohol consumption was shown and it was demonstrated that mortality rates 
started to increase at about 6 glasses of alcoholic beverages per day. 
Self-reported functional status 
Self-reported functional status was measured as disabilities in daily activities. The 
questionnaire consisted of 14 items adapted from the WHO-questionnaire2 2. A translation of 
the same questionnaire was used in each of the countries 2 2" 2 4. Each item could range from 1 
(not able to perform the item) to 4 (able to perform the item without any difficulty). Using 
factor analysis, Hoeymans and co-workers demonstrated in the Zutphen cohort that 13 of these 
items (excluding cutting toenails) could be grouped in three dimensions 2 4. The first 
dimension, basic activities of daily living (BADL), consisted of six items: walk between 
rooms, feed oneself, get in and out of bed, use the lavatory, dress and undress, and wash and 
bath oneself. The second dimension, mobility, consisted of four items: move outdoors, use 
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stairs, walk at least 400 meters, and carry heavy things for 100 meters. The third dimension, 
instrumental activities of daily living (IADL), consisted of three items: do one's own cooking, 
do light housework, and do heavy housework. The men who reported that they needed help 
with at least one of the mobility or BADL items were classified as disabled while the men 
who reported no need of help with at least one of these items were classified as non-disabled. 
Furthermore, a total ADL-score was calculated to indicate the severity of disability in each 
person by summing up the individual scores of the 13 items. This score could range from 13 
(not able to perform any of the items) to 52 (able to perform all items without any difficulty). 
Physical activity 
Physical activity was assessed with a self-administered questionnaire originally designed for 
retired men, made available by Professor J.N. Morris (London School of Hygiene and 
Tropical Medicine) and described by Caspersen and co-workers 2 5. This questionnaire is 
considered reliable and valid for measuring physical activity in elderly men 2 6 . The core 
questionnaire consisted of six questions about the frequency and duration of walking and 
bicycling during the previous week, the average amount of time spent weekly on hobbies and 
gardening both in summer and winter, and the average amount of time spent monthly on odd 
jobs and sports. Questions on the average amount of time spent weekly on forestry or farming 
in both summer and winter were added to the questionnaire in Finland and Italy. Monthly 
cross-country skiing (frequency and duration) during the previous winter was included in the 
calculation of total activity in Finland. Estimated times were converted to minutes per week 
for each type of activity and summed to obtain total weekly physical activity. These 
calculations have been described in more detail by Bijnen and co-workers 2 7. 
Other factors 
Height and weight were measured while the men were wearing underwear only, and body 
mass index (kg/m2) was calculated. Information on cigarette smoking status, was collected by 
a standardised questionnaire in Finland and Italy (the one originally used in the Seven 
Countries Study) and by a locally developed questionnaire in The Netherlands. This 
information was used to classify subjects as smokers and non-smokers. Information about 
education, and living situation were collected using a standardised questionnaire. 
Statistical methods 
Differences in means of selected characteristics between those who reported functional 
disabilities and those reporting no disabilities were tested within each country by Student's t-
test. Mean intakes of food groups and selected nutrients in the disabled and non-disabled 
groups were compared by the Wilcoxon rank-sum test for two levels since most variables 
were not normally distributed. Multiple logistic regression analysis was used to investigate 
whether physical activity, or body mass index could explain the association between 
functional status and energy intake. All p-values were based on two-sided tests and a p-value 
of 0.05 was considered to be statistically significant. Statistical analyses were carried out 
using the SAS statistical analysis computer package (version 6.10). 
Results 
In Finland 21% of the men reported disabilities, in The Netherlands 18% and in Italy 24%. 
The total ADL-score in the disabled men was 33 in Finland, 38 in The Netherlands, and 32 in 
Italy, indicating that the Dutch men reporting disabilities were less disabled than the Finnish 
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and Italian men. The men who reported functional disabilities were significantly older than the 
men without disabilities in all countries (table 1). The number of years of education varied 
widely over the countries, from 3 years in the disabled men in Finland to more than 10 years 
in The Netherlands. Men reporting disabilities were less educated than the non-disabled men, 
but only in Finland this difference reached statistical significance. The percentage of men 
living in an institute was significantly higher among the disabled men. It ranged from 2.1% in 
Italy to 14.1% in The Netherlands. 
Table 1. Means of selected characteristics by country by functional status of men participating 
in the FINE-study (1989-1991) 
Finland The Netherlands Italy 
Normal Disabled Normal Disabled Normal Disabled 
Number 179 47 426 92 311 97 
Age (years) 75.2 77.4* 75.0 77.8* 77.0 79.4* 
Education (years) 4.4 2.8* 10.4 10.0 4.7 4.6 
Living in an institution (%) 0 4.3* 1.6 14.1* 0 2.1* 
Physical activity (hrs/week) 13.4 5.6* 10.3 4.0* 15.1 4.6* 
Cigarette smoking (%) 9.4 9.1 21.6 26.1 15.9 15.1 
Alcohol intake 
Abstainers 36.9 55.3* 23.2 35.9* 12.5 18.6* 
Mild drinkers* 61.5 44.7 65.0 57.6 31.8 39.2 
Moderate drinkers* 1.7 0 10.8 5.4 35.1 21.7 
Heavy drinkers* 0 0 0.9 1.1 20.6 20.6 
Body mass index (kg/m2) 26.7 25.8 25.6 25.2 26.1 25.9 
* Significantly different from normal (p<0.05); t Borderline significantly different from normal (fxO.10); 
t Mild drinkers: 0-30 g/day, Moderate drinkers: 30-60 g/day, Heavy drinkers: >60 g/day. 
Mean body mass index did not differ significantly between the normal and the disabled men. 
However, a significant difference in physical activity between the disabled and non-disabled 
men was observed in all three countries. The proportion of smokers varied from almost 10% 
in Finland to more than 20% in The Netherlands. No differences were observed between the 
disabled and non-disabled men. Alcohol intake varied widely between the countries, the 
percentage of abstainers ranging from 55% among the disabled in Finland to about 18% in 
Italy. In all three countries the percentage of abstainers was higher among the disabled 
compared to the non-disabled. There were no heavy drinkers in Finland, 1% in The 
Netherlands and more than 20% in Italy. 
Although not always statistically significant, the consumption of food groups in the men 
reporting disabilities was generally lower than that among the non-disabled men (table 2). The 
only exceptions were the consumption of fruits and milk products in Finland, and potatoes in 
The Netherlands, which were higher in the disabled men. 
Because alcohol intake was high in Italy, we calculated energy intake both including and 
excluding the energy provided by alcohol. In all countries, energy intake including and 
excluding energy from alcohol were both significantly lower among the disabled men (table 
3). In Finland and Italy the intake of macro nutrients was lower in the disabled compared to 
the non-disabled. In The Netherlands only the intake of carbohydrates was significantly lower 
in the disabled men. 
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Table 2. Mean daily intake of food groups (g) by country by functional status of men 
participating in the FINE-study (1989-1991) 
Finland The Netherlands Italy 
Normal Disabled Normal Disabled Normal Disabled 
Number 179 47 426 92 311 97 
Cereals 233 188* 167 156 299 271* 
Potatoes 162 136* 137 138 32 31 
Legumes and nuts 3 2* 8 8 12 7* 
Vegetables 122 113 163 156 194 174 
Fruits 220 243 198 197 267 251 
Meat 110 100 105 105 123 104* 
Fish 56 42 17 13* 24 19 
Eggs 28 21* 16 16 8 7 
Cheese 23 12* 29 24* 29 25 
Milk products 909 943 398 379 159 158 
Fats and Oils 59 52* 41 42 40 34* 
Sugar 42 38 28 26 13 13 
Sugar products* - - 58 48* 14 14 
Pastry - - 40 27* 32 28* 
Alcoholic beverages 37 30* 91 67* 395 361* 
* Statistically significant difference between Normal and Disabled (p<0.05); t In The Netherlands and Italy 
excluding pastry) 
Table 3. Mean daily intake of selected nutrients by country by functional status of men 
participating in the FINE-study (1989-1991) 
Finland The Netherlands Italy 
Normal Disabled Normal Disabled Normal Disabled 
Number 179 47 426 92 311 97 
Energy (Ml) 11.8 10.4* 8.9 8.3* 10.3 9.2* 
Energy excl. alcohol (MJ) 11.7 10.3* 8.7 8.1* 9.1 8.1* 
Protein (g) 103 90* 76 72 79 69* 
Fat(g) 118 101* 91 86 79 66* 
Carbohydrates (g) 325 294* 234 215* 284 262* 
Protein (En%) 14.8 14.8 14.6 14.8 13.0 12.9 
Fat (En%) 37.6 36.4 38.0 38.9 29.2 27.4* 
Carbohydrates (En%) 46.4 47.9 44.1 43.7 46.6 48.8* 
* Significantly different from normal (p<0.05); En% = percentage of energy intake 
Univariate logistic regression analysis revealed a significant association of energy intake 
(excluding energy provided by alcohol) with functional status in each of the countries (table 
4). Adjustment for age did not change this association. In the pooled analysis the Odds Ratio 
(OR) after adjustment for age was 0.87 (95% CI: 0.82-0.93) indicating that among the 
disabled men energy intake was 13% lower than among the non-disabled men. Additional 
adjustment for body mass index did not influence these results. When we adjusted for physical 
activity the association of energy intake with functional status was reduced and the Odds 
Ratio for energy intake was no longer statistically significant in Finland and The Netherlands. 
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However, in the pooled analysis the association remained (OR=0.92; 95% CI: 0.86-0.98). 
Additional adjustment for education, cigarette smoking and alcohol intake did not affect these 
results. 
Table 4. Crude and adjusted Odds Ratio's (95% CI) describing the association between 
energy intake and presence of disability among men participating in the FLNE-study (1989-
1991) 
Model Finland The Italy Pooled 
Netherlands 
Energy 0.87 0.85 0.77 0.86 
(0.78-0.97)* (0.75-0.97) (0.68-0.88) (0.80-0.92) 
Energy, age 0.88 0.85 0.81 0.87 
(0.79-0.98) (0.75-0.96) (0.72-0.92) (0.82-0.93) 
Energy, age, BMI 0.89 0.83 0.86 0.89 
(0.79-1.00) (0.73-0.95) (0.74-0.98) (0.83-0.96) 
Energy, age Physical activity 0.92 0.90 0.86 0.92 
(0.82-1.03) (0.78-1.03) (0.75-0.98) (0.86-0.98) 
Energy, age Physical activity* 0.90 0.90 0.89 0.92 
(0.79-1.01) (0.78-1.04) (0.78-1.02) (0.86-0.98) 
* Odds Ratio of energy intake (95% confidence interval); t additionally adjusted for cigarette smoking, alcohol 
intake and education 
Discussion 
As expected, the men who reported disabilities ate less than the men who did not report 
disabilities in each of the studied European countries. In the pooled analysis, a higher energy 
intake (1 MJ) was associated with an about 13% lower prevalence of disability. The 
association was considerably diminished after adjustment for physical activity. 
Since this is a cross-sectional study, it is difficult to draw conclusions with respect to 
causality. On one hand, an increased physical activity could result in an increased dietary and 
energy intake which is more capable of meeting all the dietary needs to prevent disease and 
disability. Several longitudinal studies have reported a protective effect of physical activity on 
the occurrence of disability in the elderly8"1 1. It is well known that energy needs are 
determined by energy expenditure 2 8. Thus, energy intake could be an intermediate through 
which physical activity prevents disability. However, from this study we cannot exclude that 
this mechanism could also act the other way round. Then disability might lead through a 
decreased physical activity to a decreased dietary and energy intake. A third possible 
mechanism might be that an increased physical activity at the same time results in less 
disabilities and a higher energy intake. The results of the present study can not exclude any of 
these mechanisms. Longitudinal studies are needed to elucidate whether a higher energy 
intake prevents disability irrespective of physical activity or whether a lower energy intake is 
the result of disability. 
In the pooled analyses, the association between energy intake and disability remained 
significant after adjustment for physical activity. Thus, part of the association between energy 
intake and disability might also be independent of physical activity. This might be explained 
by residual confounding, resulting from imperfect measurements. Furthermore, other factors 
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such as depression might influence the association between energy intake and disability. To 
investigate this possibility we additionally adjusted the model for the sum score of the Self-
Rating Depression scale 2 9. However, since this had little influence on the observed 
associations (data not shown) this hypothesis could not be confirmed. 
In a study among more than 1000 non-institutionalised elderly men and women aged 70-75 
years from an urban area in northern Italy, the association of nutritional intake with functional 
status was investigated6. Dietary intake was measured by a 24-hour recall. The investigators 
observed a higher prevalence of persons who consumed less than two thirds of the RDA for 
protein, vitamin C, vitamin B12, vitamin A, niacin, and iron among those who reported one or 
more functions lost compared to those reporting no functions lost. Although the investigators 
did not study the association with energy intake, the conclusions tended into the same 
direction as the results of the present study. In a recent study among 145 functionally 
dependent community-living elderly people aged 60-94 years in Quebec, Canada, also very 
low energy intakes were observed3. 
There might have been selective non-response of men with more serious chronic diseases or 
disabilities. If this has occurred in the present study, it is likely that the men who did not 
participate were more disabled and ate less than the respondents. Thus, it might have been 
more difficult in the present study to find an association since the range of variation in 
disability was not as large as when the non-respondents would have participated. It has to be 
mentioned, however, that in the total survey participation rate in Finland was higher and 
therefore the effect of non-response was smaller than in The Netherlands and Italy. 
Alcohol intake in Italy was about ten times higher than in Finland. Since alcohol provides 
only energy and has a low nutrient density, this might have caused marginal intakes of certain 
vitamins and minerals in both the disabled and the non-disabled groups in Italy. Therefore, we 
additionally calculated energy intake excluding the energy provided by alcohol. Calculated in 
this manner, mean energy intake in The Netherlands and in the disabled men in Italy was 
below the recommended level of 8.8 MJ per day 3 0 . However, it is estimated that only when 
energy intake is lower than 6.3 MJ per day, it becomes difficult to meet the requirements for 
vitamins and minerals 3 0. Therefore, we additionally calculated the percentages of men not 
meeting the level of 6.3 MJ per day among those who did and did not report disabilities. This 
level of energy intake was not reached by 11 % of the men reporting disabilities and by 2% of 
the men reporting no disabilities in Finland, by 17% and 8% respectively in The Netherlands, 
and by 20% and 7% respectively in Italy. Thus, almost one out of five disabled men in The 
Netherlands and Italy might be at risk for inadequate intake of essential nutrients. 
We calculated the individual energy requirements based on equations derived for specific age 
groups depending on weight and height 2 8, and compared estimated energy needs with the 
actual intake (excluding energy from alcohol). In Finland, actual energy intake was almost 2 
MJ higher than the estimated requirements. In The Netherlands actual energy intake was 1.2 
MJ lower than the estimated requirements, and in Italy no difference was observed between 
actual and estimated energy intake. This might be caused by a difference in the measurement 
of energy intake between the three countries. Another explanation might be the former level of 
physical activity and energy intake. In Finland former energy intake has been relatively high, 
while the decrease in energy intake during the past twenty years was comparable to the 
decrease in The Netherlands and Italy 1 4. Also, part of the difference might be explained by a 
higher body mass index of the men in Finland. Current physical activity level was not 
extremely high in Finland, although it might have been underestimated due to seasonal 
factors 2 7. However, it cannot explain the observed difference of 2 MJ. 
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We conclude that elderly men reporting disabilities have lower dietary intakes than those 
reporting no disabilities. This could partly be explained by a difference in physical activity 
level. Due to selective non-response, it might be that the most disabled men did not participate 
in this study. Therefore, although the levels of energy intake were not really alarming in this 
study, one has to be aware of the possibility of inadequate nutrient intakes among disabled 
men. Longitudinal investigations are needed to elucidate whether a higher energy intake can 
prevent disability or whether an inadequate nutrition is the result of disability, irrespective of 
physical activity. 
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Abstract 
Among 194 men (aged 70-90 years) in Finland, 517 men in The Netherlands, and 401 men in 
Italy, we investigated whether self-rated health (SRH) was associated with dietary intake. The 
men were asked whether they felt healthy, rather healthy, moderately healthy, or not healthy. 
Diet was measured by cross-check dietary history. More than 80% of the men in Finland felt 
moderately or not healthy, while in Italy this was about 20% and in The Netherlands only 
10%. The men who felt not healthy had less education, a lower functional status, and a lower 
physical activity in each country (p<0.05). Intake of energy and macronutrients was not 
associated with SRH in Finland and The Netherlands, hi Italy, after adjustment for 
confounders, the men who felt moderately or not healthy consumed 1.5 MJ/day less than the 
men who felt healthy. The association between dietary and energy intake and SRH among 
elderly men seems culture dependent. More insight in social and cultural determinants of self 
rated health and dietary habits is needed to explain the differences. 
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Introduction 
Several studies have been published on the association between self-rated health and mortality 
M . Also determinants of self-rated health have been investigated. Associations were 
demonstrated with cardiovascular diseases and diseases of the musculo-skeletal system, 
disability, and functional status 5 , 6, cognitive performance7, and depressive symptoms8. 
Dietary intake is associated with chronic diseases such as cardiovascular diseases and cancer9, 
physical activity and functional status or disability1 0, and cognitive function1 1"1 4. Furthermore, 
social support, stressful events, and strain might influence appetite among elderly and thus 
have influence on the adequacy of their diets 1 5. Also depression has been associated with 
inadequate food intakes among elderly 1 6. Therefore, one might expect that self-rated health is 
associated with dietary and energy intake. However, publications on this association are 
limited. A paper by Learner and Kivett 1 7 demonstrated that self-rated health was associated 
with perceived dietary adequacy among rural elderly. In the present study we wanted to 
investigate whether self-rated health is associated with dietary and energy intake, independent 
of thé other factors mentioned above. 
Self-rated health is a variable which is dependent on cultural and social circumstances of the 
respondent 1 8" 2 0. For the present study we used data from men aged 70-90 years in Finland, 
Italy, and The Netherlands. Thus, we are able not only to study the association of dietary and 
energy intake with self-rated functional status in elderly men in one country, but also the 
consistency of this association in different cultures. 
Subjects and methods 
Study population 
From 1958 to 1964 sixteen population samples of men aged 40-59 years from seven countries 
were enrolled and examined at baseline for the Seven Countries Study 2 1. Re-examinations 
were organised in several countries and since 1984, Finland, Italy, and the Netherlands have 
continued the examination of their cohorts, focusing on health and its determinants in the 
elderly. 
This report concerns data on diet and self-rated health which were gathered in the 30-year 
follow-up surveys. These were carried out in Finland in 1989, in the Netherlands in 1990, and 
in Italy in 1991. Detailed information about the study population has been reported 
elsewhere 2 2. In 1989, 524 Finnish men were still alive of whom 89.7% completed a short 
questionnaire regarding their general health. From a random sample of 350 men, 298 men 
were selected for a detailed dietary survey. Complete information on diet was finally obtained 
from 98 men in East Finland and 129 men in West Finland 2 3. In Zutphen, in 1990, out of the 
718 men that were invited, 541 men participated in dietary survey. In the fall of 1991, 614 
men were from the Italian cohorts were still alive. All survivors were invited to participate in 
the study; complete dietary information was obtained from 231 men in Crevalcore and 190 
men in Montegiorgio. Thus, 194 men participated in Finland, 517 men in The Netherlands, 





In all three countries food intake data were collected by the cross-check dietary history method 
adapted to the local situation 2 3" 2 6. The reproducibility of this dietary history method was 
investigated and considered to be satisfactory27. The dietary history provides information 
about the usual food intake in 2-4 weeks preceding the interview. Each participant was 
interviewed together with the person who prepared the food (usually the wife) for about one 
and a half hours about his usual food consumption on weekdays and during weekends. For the 
first check, the average consumption of foods during a week was estimated, and for the 
second check the quantities of foods bought per week for the whole family were estimated. On 
the basis of this information food consumption on a typical weekday was calculated. Portion 
sizes were estimated by 126 colour photographs of various portion sizes in Finland, by 
artificial examples of different foods in Italy, and by a portable scale in the Netherlands. The 
nutrient intake was assessed using computerised versions of the local food tables for the three 
different countries 2 3 , 2 5 , 2 6 . The interviews were carried out by experienced dieticians and 
nutritionists in all counties. In Finland and Italy the interviews were carried out in autumn and 
in the Netherlands in spring. 
Food group classification needed to be comparable between the three countries. However, in 
Finland foods were first broken down into their ingredients, before assigning them to one of 
the food groups while in Italy and the Netherlands foods were directly assigned to food 
groups. Therefore, much effort has been put in regrouping the food group variables in such a 
way that the comparability was as high as possible. Finally twelve main food groups were 
constructed which were highly comparable between the three countries. No complete 
comparability between the countries could be reached with respect to the groups sugar 
products and pastry. We therefore decided to present these groups separately in the tables. 
Self-rated health 
Global self-rated health was defined as the answer to the following question: "We would like 
to know what you think about your health. Please check what fits best in your case. Do you 
feel healthy, rather healthy, moderately healthy, or not healthy?" This question was included 
in a self-administered questionnaire on psycho-social items. The score ranged from 1 (healthy) 
to 4 (not healthy). 
Other measurements 
Physical activity was assessed with a self-administered questionnaire originally designed for 
retired men, made available by Professor J.N. Morris (London School of Hygiene and 
Tropical Medicine) and described by Caspersen and co-workers 2 8. It has been described in 
detail by Bijnen and co-workers 2 9. Estimated times were converted to minutes per week for 
each type of activity and summed to obtain total weekly physical activity. 
In a controlled hospital setting global cognitive function was measured by the 30-point Mini-
Mental State Examination (MMSE) to the participants. The local translation of the MMSE, 
developed by Folstein et a l . 3 0 was used, which is extensively applied in epidemiological 
studies 3 1. A score of ^ 23 was considered to be indicative of mild cognitive impairment 3 2. 
Self-reported functional status was measured as disabilities in daily activities. The 
questionnaire consisted of 14 items adapted from the WHO-questionnaire3 3. Hoeymans and 
96 
Energy intake and self-rated health 
co-workers grouped 13 items (excluding cutting toenails) in three dimensions: basic 
activities of daily living (BADL), mobility, and instrumental activities of daily living (IADL). 
In the present study a sum score was calculated by adding up the scores on the mobility and 
BADL items. The IADL dimension was ignored since very few men reported that cooking and 
housework was part of their regular daily activities. It could range from 13 (not able to 
perform any of the items) to 40 (able to perform all BADL and mobility items without 
difficulty). 
The scale used in this study to measure depression was a Self-Rating Depression Scale (SDS) 
developed by Zung 3 5 , 3 6 . The maximum score is 100 and a score of 50 or more corresponds to 
mild to moderate depression, a score of 60 or more to moderate to severe depression and a 
score of 70 or more to severe depression. 
Information about education was collected by a standardised questionnaire. Height and weight 
were measured while the men were wearing underwear only. Body mass index was calculated 
(weight/height2). Information on cigarette smoking status was collected by a standardised 
questionnaire. Subjects were classified as smokers and non-smokers. Information on alcohol 
intake was obtained in the dietary survey. Men who never drank alcoholic beverages were 
classified as abstainers. Those who drank not more than three glasses per day were classified 
as .light drinkers, those who drank four to six glasses per day as moderate drinkers, and those 
who drank more than six glasses of alcoholic beverages per day as heavy drinkers 3 7. 
Statistical methods 
The men were divided in groups according to their answer to the global self-rated health 
question. When the number of men in a category was too low, which was the case with the 
healthy category in Finland and the not healthy category in The Netherlands and Italy, it was 
combined with the neighbouring category. Means of selected characteristics and mean intakes 
of food groups and selected nutrients were calculated per response category of self-rated 
health. Differences were tested within each country. A test for trend was derived from 
regression analysis on self-rated health categories. 
Analysis of variance models were used to investigate whether the association between energy 
intake and self-rated health could be explained by energy expenditure, operationalised by 
physical activity during leisure time. Furthermore, we investigated whether the association 
was independent of potential confounders such as age, cognitive function, physical function, 
depression, physical activity, body mass index, cigarette smoking, and alcohol intake. P-
values were based on two-sided tests and a p-value of 0.05 was considered to be statistically 
significant. All statistical analyses were carried out using the SAS statistical analysis computer 
package (version 6.10). 
Results 
A large variation was observed over the countries in the response to the key-question of this 
study: "Do you feel healthy, rather healthy, moderately healthy, or not healthy?" (figure 1). In 
Finland, only 2.6% of the men felt healthy, in Italy more than 20% of the men felt healthy 
while almost 50% of the men in The Netherlands felt healthy. In Finland more than 80% of 
the men felt moderately or not healthy, while this was about 10% and 20% in the Netherlands 
and Italy respectively. 
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Figure 1. Distribution over the SRH-categories in each of the countries 
No differences in age, body mass index, cigarette smoking, and the percentage of men living 
alone were observed between the self-rated health (SRH) -categories in any of the countries 
(table 1). Education, functional status, depression and physical activity, on the other hand, 
were significantly different between SRH-categories. The men who felt not healthy had less 
years of education, reported a lower functional status, were more depressed and were less 
active than the men in the healthiest category. In Finland and Italy the men who felt not 
healthy also had a lower cognitive function than the men in the healthiest category. In The 
Netherlands alcohol consumption was significantly lower among the men who felt not 
healthy. 
We observed a borderline significant trend in cereal consumption among the men in Finland 
(table 2). Furthermore, the consumption of meat and fish was higher among the men who felt 
not healthy, compared to those who felt healthy or rather healthy. In the Netherlands, the 
consumption of vegetables was higher and pastries was lower among the men who felt 
moderately or not healthy, compared to the men who felt healthy. In Italy, we observed a 
borderline significant downward trend in the consumption of cereals. Furthermore, the 
consumption of cheese, milk products and fats and oils was lower among the men who felt 
moderately or not healthy compared to those who felt healthy. No other differences in food 
group intake were observed between the SRH-categories in any of the countries. 
In Finland and The Netherlands significant differences in energy or nutrient intake were not 
observed between the SRH-categories while in Italy all measured nutrients were significantly 
lower among the men who felt moderately or not healthy compared to those who felt healthy 
(table 3). However, the lower carbohydrate intake by less healthy elderly men was consistent 
in all three countries. In Italy, the energy intake was 1.7 MJ lower in men who were 
moderately or not healthy compared to men who were healthy. This difference decreased to 
1.5 MJ when energy intake from alcohol was excluded. 
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T a b l e 1. M e a n s o f s e l e c t e d character is t ics b y s e l f - r a t e d hea l th c l a s s e s 
C h a r a c t e r i s t i c S R H - c I a s s e s p - t r e n d 
F i n l a n d h e a l t h y o r r a t h e r m o d e r a t e l y n o t h e a l t h y 
h e a l t h y h e a l t h y 
68 Number 37 89 
Age(yrs) 74.8 74.9 76.2 0.08 
Education (yrs) 5.5 4.3 3.4 0.0002 
Cognitive function* 25.8 24.9 24.0 0.02 
Functional status* 39.8 38.3 34.9 0.0001 
Depression (Zung) 39 45 53 0.0001 
Body mass index (kg/m 2) 26.5 26.7 26.4 0.84 
Physical activity (hrs/week) 14 14 9 0.02 
Alcohol consumption (%) 
44 
0.28$ 
Abstainers 32 37 
Light drinkers 68 60 56 
Moderate drinkers 0 3 0 
Heavy drinkers 0 0 0 
0 . 5 0 | Cigarette smoking (%) 5 11 9 
Living alone (%) 24 24 22 0.6 If 
T h e N e t h e r l a n d s h e a l t h y r a t h e r h e a l t h y m o d e r a t e l y o r n o t 
h e a l t h y 
Number 255 202 60 
Age (yrs) 75.5 75.4 75.3 0.75 
Education (yrs) 10.9 9.8 9.7 0.005 
Cognitive function* 26.4 25.8 26.1 0.13 
Functional status* 39.4 37.2 35.5 0.0001 
Depression (Zung) 33 37 40 0.0001 
Body mass index (kg/m 2) 25.5 25.4 25.9 0.68 
Physical activity (hrs/week) 11 8 5 0.0001 
Alcohol consumption (%) 
32 
0.03$ 
Abstainers 20 31 
Light drinkers 69 60 57 
Moderate drinkers 10 9 8 
Heavy drinkers 1 0 3 
0.45* Cigarette smoking (%) 21 26 18 
Living alone (%) 16 16 23 0.10* 
I t a l y h e a l t h y r a t h e r h e a l t h y m o d e r a t e l y o r n o t 
h e a l t h y 
Number 89 228 84 
Age (yrs) 77.5 77.3 78.3 0.19 
Education (yrs) 5.1 4.7 4.0 0.01 
Cognitive function* 24.1 23.8 21.1 0.0001 
Functional status* 39.3 38.2 30.7 0.0001 
Depression (Zung) 46 50 64 0.0001 
Body mass index (kg/m 2) 26.4 26.1 25.5 0.15 
Physical activity (hrs/week) 15 14 7 0.0002 
Alcohol consumption (%) 
14 
0.82* 
Abstainers 13 14 
Light drinkers 32 32 39 
Moderate drinkers 30 34 29 
Heavy drinkers 25 20 18 
0.66* Cigarette smoking (%) 18 14 20 
Living alone (%) 11 12 18 0.30* 
* measured by the Mini-Mental State Examination; t measured as Activities of Daily Living; $ Chi-square test 
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Table 2. Mean intakes of food groups (g/day) by self-rated health classes 
C h a r a c t e r i s t i c S R H - c l a s s es p - t r e n d 
F i n l a n d h e a l t h y o r r a t h e r m o d e r a t e l y n o t h e a l t h y 
h e a l t h y h e a l t h y 
Number 37 89 68 
0.08 Cereals 231 237 204 
Potatoes 157 169 145 0.31 
Legumes and nuts 2 4 2 0.60 
Vegetables 116 130 119 0.98 
Fruits 234 219 235 0.90 
Meat 85 112 112 0.09 
Fish 37 51 59 0.05 
Eggs 25 29 23 0.48 
Cheese 27 19 21 0.45 
Milk products 858 921 905 0.68 
Fats and oils 58 60 51 0.16 
Sugar products 41 42 43 0.73 
Alcoholic drinks 42 34 42 0.87 
T h e N e t h e r l a n d s h e a l t h y r a t h e r h e a l t h y m o d e r a t e l y o r n o t 
h e a l t h y 
Number 255 202 60 
Cereals 168 164 157 0.25 
Potatoes 138 138 134 0.78 
Legumes and nuts 7 9 6 0.71 
Vegetables 157 164 176 0.06 
Fruits 205 191 194 0.33 
Meat 103 107 108 0.27 
Fish 16 17 17 0.47 
Eggs 16 17 14 0.40 
Cheese 28 27 32 0.48 
Milk products 399 371 449 0.65 
Fats and oils 41 41 46 0.21 
Sugar products 58 54 52 0.16 
Pastry 41 34 33 0.005 
Alcoholic drinks 97 77 79 0.23 
I t a l y h e a l t h y r a t h e r h e a l t h y m o d e r a t e l y o r n o t 
h e a l t h y 
Number 89 228 84 
Cereals 304 297 271 0.06 
Potatoes 31 31 32 0.76 
Legumes and nuts 12 12 10 0.38 
Vegetables 192 187 194 0.89 
Fruits 284 260 253 0.17 
Meat 120 120 112 0.32 
Fish 23 23 21 0.37 
Eggs 8 8 8 0.61 
Cheese 35 26 25 0.007 
Milk products 196 151 132 0.03 
Fats and oils 41 39 36 0.03 
Sugar products 15 14 13 0.26 
Pastry 35 30 27 0.19 
Alcoholic drinks 410 390 357 0.35 
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Table 3. Mean intakes of nutrients by self-rated health classes 
C h a r a c t e r i s t i c S R H - c l a s s e s p - t r e n d 
F i n l a n d h e a l t h y o r r a t t i e r m o d e r a t e l y n o t h e a l t h y 
h e a l t h y h e a l t h y 
Number 37 89 68 
Energy ( M J ) 11.4 11.9 11.0 0.40 
Energy excl. alcohol ( M J ) 11.2 11.8 10.9 0.41 
Protein (g) 95 102 99 0.68 
Fat(g) 113 119 109 0.45 
Carbohydrates (g) 321 333 306 0.33 
Alcohol (g) 5 5 4 0.65 
T h e N e t h e r l a n d s h e a l t h y r a t h e r h e a l t h y m o d e r a t e l y o r n o t 
Number 255 202 60 
Energy ( M J ) 9.0 8.7 8.9 0.36 
Energy excl. alcohol ( M J ) 8.6 8.4 8.6 0.56 
Protein (g) 75 75 78 0.30 
Fat(g) 91 89 94 0.78 
Carbohydrates (g) 235 227 224 0.09 
Alcohol (g) 12 9 9 0.07 
I t a l y h e a l t h y r a t h e r h e a l t h y m o d e r a t e l y o r n o t 
h e a l t h y 
Number 89 228 84 
Energy ( M J ) 10.8 10.1 9.1 0.0001 
Energy excl. alcohol ( M J ) 9.5 8.9 8.0 0.0001 
Protein (g) 82 77 69 0.0001 
Fat(g) 84 76 67 0.0001 
Carbohydrates (g) 294 281 257 0.002 
Alcohol (g) 43 41 37 0.36 
Table 4. Analyses of variance of energy intake (MJ) excluding energy from alcohol with 
classes of self-rated health by country 
M o d e l a d j u s t e d f o r : E n e r g y i n t a k e ( S E ) b y S R H - c l a s s e s p - t r e n d 
F i n l a n d h e a l t h y o r r a t h e r m o d e r a t e l y n o t h e a l t h y 
h e a l t h y h e a l t h y 
Crude 11.2(0.5) 11.8(0.4) 10.9 (0.4) 0.41 
Physical activity and Age 11.2(0.6) 11.7(0.4) 11.0(0.4) 0.57 
All confounders* 11.1 (0.6) 11.2(0.4) 12.2 (0.5) 0.18 
T h e N e t h e r l a n d s h e a l t h y r a t h e r h e a l t h y m o d e r a t e l y o r 
n o t h e a l t h y 
Crude 8.6 (0.1) 8.4 (0.2) 8.6 (0.3) 0.56 
Physical activity and Age 8.6 (0.1) 8.5(0.1) 8.7 (0.3) 0.88 
All confounders* 8.5 (0.1) 8.4 (0.2) 9.3 (0.3) 0.22 
I t a l y h e a l t h y r a t h e r h e a l t h y m o d e r a t e l y o r 
n o t h e a l t h y 
Crude 9.5 (0.2) 8.9 (0.1) 8.0 (0.2) 0.0001 
Physical activity and Age 9.5 (0.2) 8.9(0.1) 8.2 (0.2) 0.0001 
All confounders* 9.7 (0.2) 8.9 (0.2) 8.3 (0.3) 0.0005 
* Confounders are physical activity, age, functional status (sum of 10 items, BADL en mobility), cognitive 
function, education, depression, body mass index, alcohol consumption, and cigarette smoking. 
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In Finland and The Netherlands no significant differences were observed in energy intake 
between self-rated health categories, irrespective of adjustment for potential confounders 
(table 4). In Italy, in the crude model a clear inverse association was observed. Including 
physical activity in the model hardly changed this result. After adjustment for additional 
confounders the men who felt moderately or not healthy consumed 1.5 MJ/day less than the 
men who felt healthy (p-trend=0.0001). 
Discussion 
To our knowledge, this is the first study that investigated the association between dietary 
intake and self-rated health in an international database. In Finland and The Netherlands no 
association was observed between energy intake and self-rated health. However, in Italy we 
observed a highly significant inverse association between energy intake and self-rated health, 
which persisted after adjustment for physical activity and age. Further adjustment for other 
potential confounders such as cognitive function, functional status, depression, body mass 
index, cigarette smoking and alcohol intake did not change these results. The men who felt 
moderately or not healthy consumed 1.5 MJ/day less than the men who felt healthy. 
Several factors can be postulated which could explain why the association was observed in 
Italy only. One important factor might be that the interpretation of the main question of this 
study "Do you feel healthy, rather healthy, moderately healthy, or not healthy?" is dependent 
of environmental, social and cultural circumstances. Findings from 158 in-depth interviews 
revealed that the same frame of reference is not used by all respondents in answering the self-
rated health question 3 8. Some participants think of specific health problems, whereas others 
think in terms of either general physical functioning or health behaviours. Furthermore, 
younger people tended to use health behaviours more often as a referent, while older people 
are more inclined to think in terms of health problems. Also the results indicated that 
respondents with lower levels of educational attainment might be more inclined to use health 
behaviours as a referent. Since education differed significantly between the cohorts, this might 
be an important factor in the present study. 
Angel & Thoits 2 0 discussed the influence of culture on a model of illness labelling. Their 
central thesis was that individuals inherit from their cultures structured vocabularies of health 
and illness. These vocabularies limit the possibilities for the interpretation of physical and 
physiological states and structure help-seeking options. As with other aspects of culture, these 
vocabularies are "overlearned" which means that they acquire the status of unquestioned 
objective reality. Thus, it might be that the answers to the same questions may have a different 
meaning in each country or culture. 
A second reason why the association was observed in Italy only might be that dietary intake is 
culturally determined as well. It is well known that people in Northern Europe have a dietary 
pattern that is different from the dietary pattern of the people in Mediterranean countries 2 2 ' 3 9. 
Furthermore, mealpatterns appear to be different between elderly living in towns in different 
European cultures . For example, the southern and eastern European meal pattern could be 
characterised by a large proportion of energy consumed at the midday meal. Also the 
frequency of meals varied considerably. In eastern European towns the majority of subjects ate 
three times a day or less, whereas in the Dutch and German speaking towns, more than 50% of 
the subjects consumed food on six or more occasions daily. These cultural differences in diet 
might have different effects on the health of the participants, which could affect self-rated 
health in different ways as well. 
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Differences in dietary habits between cultures could also have a more social background, 
which might be directly related to self-rated health. Grotkowski and Sims 4 1 emphasised the 
association between a positive attitude toward nutrition and adequate dietary intake. 
Furthermore, a high and positive interest in food may well be an indicator of the maintained 
integrity of the self-concept, which has been claimed to be the most important factor favouring 
well-being in old age 4 2 . Possibly there is a difference between countries to what extent this 
assumption is true. In Northern Europe eating might be regarded more as something which is 
necessary in order to stay alive and remain healthy, while in the Mediterranean countries more 
social values are attached to it. 
Although not always statistically significant, in each of the countries the consumption of 
cereals and carbohydrates was lower among the men who felt not healthy and in Italy and the 
Netherlands the consumption of pastry was lower among the men who felt not healthy. 
Assuming an association between self-rated health and depression, this is in contradiction 
with papers reporting higher intakes of carbohydrates among depressed subjects 4 3 , 4 4 . Wurtman 
& Wurtman 4 3 suggested that in some diseases depressive symptoms are associated with 
"carbohydrate craving" and the consumption of large quantities of carbohydrate-rich, protein-
poor snacks. It was postulated that this may be mediated by a rise in brain serotonin 4 4. It has to 
be reminded, however, that the present study was designed cross-sectionally. Therefore, 
confounding by diseases may be an important reason why this association was not observed. 
The studies referred to were conducted among middle-aged subjects. Possibly, in the elderly 
other mechanisms play a role in the association between dietary intake and depression. This 
idea is supported by the observation that depression was associated with inadequate food 
intakes among elderly 1 6. De Castro 4 5 suggested that lower dietary intakes in the elderly are a 
normal response to lower energy expenditures, and that the internal state of the individual 
becomes less able to influence the subjective state as ageing progresses. Thus, the intake of 
the elderly may become primarily influenced by external factors. This is consistent with the 
finding of Roberts and co-workers 4 6 who reported that ageing may be associated with a 
significant impairment in the ability to control food intake following overeating or 
undereating. 
In the Netherlands the men who felt not healthy consumed the lowest amounts of alcohol, 
while in the other two countries no association of self-rated health with alcohol intake was 
observed. Possibly, there is a cultural difference between countries with respect to disease and 
the role of alcohol consumption in the dietary pattern. In Finland alcohol consumption is 
generally very low, which might explain why no association was observed. In Italy alcohol is 
mainly consumed with the meal and thus it is less likely to be affected by self-rated health. In 
The Netherlands, on the other hand, alcohol is mainly consumed between meals, during social 
events. This might explain why a low self-rated health is associated with lower alcohol 
consumption in The Netherlands. 
In the present study self-rated health was inversely associated with energy intake in Italy. 
Since average energy intake was 8 to 9 MJ/day in Italy, especially the men in the unhealthiest 
category might be at risk for inadequate intake of micronutrients. The recommended energy 
intake for this age group is 8.8 MJ/day, while the minimum value for an adequate intake of 
micronutrients is 6.3 MJ/day 4 7. Thus, if average energy intake is within the recommended 
range, and the group with the lowest self-rated health consumed 1.5 MJ less, it is quite likely 
that in this category a high percentage of the men has an energy intake which is closer to 6.3 
MJ per day. It appeared that 19 percent of the men in the unhealthiest category had an energy 
intake of less than 6.3 MJ/day. This might have implications for their dietary adequacy with 
respect to micronutrient intake. Clarke and co-workers 4 8 demonstrated in an elderly 
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population living alone, that self-rated health could be improved by social interventions. If 
this result could be generalised to elderly in general, this implicates that social interventions in 
Italy might help to prevent inadequate nutrient intakes in the elderly. 
We conclude that the association between dietary and energy intake and self-rated health 
among elderly seems to be culture dependent. In Italy men with a lower self-rated health had a 
lower energy intake than the men who felt healthy, irrespective of physical activity and other 
possible confounders such as cognitive function, functional status, depression, body mass 
index, cigarette smoking and alcohol intake. We observed no association in Finland nor in 
The Netherlands. More insight in social and cultural determinants of self rated health and 
dietary habits is needed to explain why the association was observed in Italy only. 
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This thesis deals with the study of diet and health among elderly men in three European 
countries. In chapters 2 and 3 the analyses of dietary patterns were described. The use of 
dietary patterns instead of single nutrients was introduced, and two methods were compared. 
Cluster analysis appeared to be a useful method to identify groups with an unhealthy dietary 
pattern. The healthy diet indicator, a dietary score which is based on uniform cut-off values, 
proved to be less dependent on the data set under study. 
The dietary intake of elderly men in three European countries was described in chapter 4. 
From middle age to old age the variation in dietary patterns between the different cultures 
(ranging from Mediterranean in Italy to a northern European diet in Finland) had become 
smaller but could still be recognised. In the chapters 5 to 8, the associations of dietary intake 
with several indicators of health at old age were studied among the same cohorts of elderly 
men. Mortality risk was about 15% lower in the group with the best healthy diet indicator 
compared to the group with the worst healthy diet indicator (chapter 5). Furthermore, from the 
results in chapter 6 we may conclude that a healthy dietary pattern might be associated with a 
better cognitive function. However, since the associations were not uniform over the cohorts, 
this result needs to be confirmed by other studies. Functional status was studied in relation to 
energy intake in chapter 7. In each of the countries a better functional status was associated 
with higher energy intakes. Self-rated health appeared to be a variable which was highly 
culture dependent (chapter 8). Only in Italy a low self-rated health was associated with low 
energy intake, while in Finland and The Netherlands no association was observed. 
The strengths and limitations of each study have been discussed in the accompanying 
chapters. Here, the more general issues will be discussed. With respect to chapters 2 and 3, the 
discussion will mainly focus on the measurement of dietary patterns. Our experience with the 
dietary pattern approach will be reviewed, and cluster analysis and the healthy diet indicator 
will be compared and evaluated. In chapters 4 to 8, dietary intake was related to several 
indicators of health at old age in an international context. Methodological issues related to the 
study of elderly populations, such as the heterogeneity of the population, selection bias, and 
survival of the fittest will be discussed. Since the studies reported in chapters 4 to 8 were all 
performed among men from three European countries, methodological issues related to the 
study and interpretation of international data will also be addressed. Finally, implications for 
public health will be discussed. 
Dietary patterns - Methodological considerations 
In the General Introduction we presented the reasons why most of the studies in this thesis 
focused on dietary patterns instead of nutrients. The most important were to avoid problems of 
intercorrelation of dietary variables and to get more insight in the possibilities for prevention 
and identifying risk groups in the population. 
In the chapters 2 and 3 the two methods used in this thesis to discern dietary patterns, cluster 
analysis and calculation of the healthy diet indicator, were introduced and compared. We 
concluded that cluster analysis is rather dependent of the data set while the healthy diet 
indicator uses clear uniform cut-off values to characterise the quality of the dietary pattern. 
Therefore, it is less dependent of the data set under study. From these specific features the 
advantages and disadvantages of each of the methods can be derived. Cluster analysis is 
suitable when the investigators are interested in a description of the data set, in order to find 
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out whether specific (risk) groups can be discerned. On the other hand it is difficult to use in 
situations where different data sets have to be compared, for example men and women, or 
international comparisons. 
Since the calculation of the healthy diet indicator is based on uniform cut-off values, it is less 
dependent of the data set under study. A possible disadvantage of this method might be that it 
is a rather crude estimate of the quality of dietary intake, since all dietary variables on which it 
is based get the same weight in the calculation. This is probably not exactly in correspondence 
with the actual situation. Therefore, it might be advisable to refine the healthy diet indicator 
(HDI) in further studies by varying the items on which the HDI is based and by assigning 
different values to 'too low' and 'too high' intakes of those items. 
In the chapters 5 and 6 the associations were studied of the quality of the dietary pattern with 
all-cause mortality and cognitive function respectively. Because the studies were performed 
using the international dataset, we decided to calculate the healthy diet indicator and not to use 
cluster analysis for this purpose. An additional cluster analysis was performed on the 
international data set, but it revealed clusters consisting mainly of men from the same country 
and thus this method had almost no additional discriminating effect compared to dividing the 
men by the variable country. 
So far, few studies have reported on the associations of dietary intake with functional status 
and self-rated health. We did not find any literature indicating specific nutrients that might be 
associated with functional status or self-rated health. However, there are studies reporting 
lower energy intakes among elderly with decreased functional status1 or with low self-rated 
health2. In order to get a more general picture of the situation, we decided to focus on energy 
intake in chapter 7 and 8, and not to investigate dietary patterns yet. 
The study of elderly populations - Methodological considerations 
The study of elderly populations brings about specific methodological issues, hi the 
interpretation of the results one has to take into consideration the larger heterogeneity of the 
population, the possibility that selective non-response has occurred which may result in 
selection bias, and the phenomenon of 'survival of the fittest'. 
Heterogeneity of the population. 
In older populations variances of clinically relevant measures are frequently increased 
compared to younger populations4"6. This heterogeneity may be due to a lifelong process of 
individualisation and specialisation. Some older persons have maintained the values of youth, 
whereas a larger proportion of the population has undergone changes, due to ageing or 
developing diseases. The resulting large inter individual differences are an accumulation of 
differences in genetic factors and environmental conditions as well as an outcome of the 
active role each person plays in his or her own development5. 
Because of this heterogeneity, it is hard to get a sample of the population in which the entire 
distribution from fit to sick is represented. This can be due to selective non-response: those 
who are ill do not participate in the study. The consequences of this will be discussed in a later 
paragraph of this discussion. Another reason why not the entire distribution is represented in 
the study sample might be the sampling method. For example, a sample taken from the 
general population will usually contain a larger proportion of healthy elderly than a sample 
from institutionalised elderly. Also, the distribution of data from studies among 
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institutionalised elderly can be very different depending on the reasons for institutionalisation 
which may vary over institutions and countries and over time 7. 
As a result, in most studies among elderly populations, only a part of the distribution is 
investigated. Usually, this part contains a mix of both people who remained healthy 
throughout their lives and people who became ill. This has consequences for both the design 
of the study and the interpretation of the results, because the associations between risk factors 
and outcome might be different among the healthy and ill groups 4 ' 8. This can be illustrated by 
results of Weijenberg, who observed an interaction of total cholesterol with body mass index . 
The association between total cholesterol and mortality from coronary heart disease was 
absent among lean men. Since a low body mass index and a low total cholesterol level could 
be a sign of poor health and possible subclinical disease, this group of lean men could form a 
heterogeneous group including both healthy people who are at a decreased risk of morbidity 
and mortality and people with clinical or subclinical disease who are thereby at an increased 
risk of morbidity and mortality. This may explain the lack of association between total 
cholesterol and coronary heart disease mortality among lean men in this study. 
There are several ways to deal with the phenomenon of heterogeneity. With respect to the 
design of the study one should realise that the sample size should be large enough in order to 
have enough power to demonstrate an association3. Another possibility is to make subgroups 
of healthy (i.e. unsusceptible) and ill subjects. In that case one should also realise that the 
sample size should be large. With respect to the interpretation of results it has to be taken into 
account that because of the probable mix of healthy and ill individuals, the observed 
association might be attenuated . Furthermore, one has to be careful about the generalisability 
of the results. Results from a study among non-institutionalised elderly may not generally be 
applicable to institutionalised or frail elderly4. 
The question can also be asked whether it is always wise to study the entire distribution. This 
depends on the aim of the study. If the study aims at getting a realistic picture of the health 
status of the elderly population, the entire distribution should be included. However, when 
investigators are interested in the aetiology or mechanism behind the development of a certain 
disease it might be better to focus on a more healthy subgroup. 
In the studies presented in this thesis, samples were taken from the general population, 
including institutionalised elderly. In Finland, the original cohorts in 1959 consisted of all 
men born in 1900-1919 from two geographically defined areas. Li Italy the original cohorts in 
1960 consisted of all men born in 1901-1920 in the villages of Crevalcore and Montegiorgio. 
The Dutch contribution consists of a random sample from the men born between 1900 and 
1920 from the town of Zutphen, examined for the first time in 1960, enlarged in 1985 with a 
new random sample of two out of three men aged 65-84 years in Zutphen who did not 
participate earlier in the Zutphen Study. However, due to selective response the samples 
probably include a relatively healthy part of the elderly population. 
Because sample sizes were too small it was not possible to do separate analyses with only the 
ones who were healthy. Therefore, the analysis of a mix of both ill and healthy elderly might 
have caused attenuation of the observed associations. One way to deal with this is by 
separately analysing those who are healthy. As an alternative, in chapter 6 the associations 
were adjusted for the presence of cardiovascular diseases such as myocardial infarction, 
angina pectoris, and intermittent claudication, but this did not influence the results. Li chapter 
7 the associations were adjusted for depression. It has to be reminded, however, that it is 
relatively difficult to reach complete adjustment when studying more subjective measures 




In prospective studies, selection bias may occur when persons with both a high risk and a high 
exposure do not participate in the study 1 0. A bad health status might be a cause of selective 
response 1 1" 1 6. Ill health may be a predominant reason for non-response, but it may also result 
in higher response rates if the topic is of interest to less healthy participants 1 7. Elderly people 
are less willing to participate than young ones 1 8" 1 9 . As dietary investigations are often fairly 
comprehensive, the rate of non-participation might be higher, especially in studies of elderly 
people 1 8. Since dietary intake was the explanatory variable and several indicators of health 
status (e.g. cognitive function, functional status, and self-rated health) were the dependent 
variables in the reported studies on elderly men, it is possible that selection bias has occurred. 
In etiologic studies, researchers are interested in a certain association within a specific study 
population, for example healthy individuals. In descriptive studies the aim is to present the 
actual situation, and because of that it is important to keep non-response as low as possible. 
However, even when response rates are reasonable, bias may still occur. This can be 
illustrated by results from Hoeymans and co-workers (unpublished observations) in the 
Zutphen Elderly Study. In this study the percentage of responders was 74% in 1985. It was 
investigated to what extent differences in health status between non-respondents and 
respondents affected the associations between myocardial infarction and stroke on one hand 
and functional status and self-rated health on the other hand. They concluded that selective 
non-response might lead to bias in the impact of cardiovascular diseases on functional status 
and self-rated health. Furthermore, it appeared that the bias could vary according to the type of 
disease, health outcome, and measure of association. A similar conclusion was drawn by 
Criqui and co-workers 2 0. They investigated differences in cardiovascular health status between 
participants and non-participants in a population-based cardiovascular study. In this study 
response rate was high (82%), but it was calculated that the observed differences could have 
produced spuriously high estimates of risk factor prevalence, low estimates of disease 
prevalence, and biased relative risks if the non-response rate and/or the baseline differences 
had been considerably larger. These results suggest that the response rates between 70 and 
75% in Italy and The Netherlands may have affected the associations between dietary intake 
and different health outcomes described in the chapters 6 to 8 of this thesis. 
Survival of the fittest 
The strength of the association between exposure variables (for example dietary intake or 
dietary pattern) and indicators of health (for example cognitive function, functional status or 
self-rated health) may decline with increasing age. The most widely used explanation for this 
phenomenon is the 'survivor' explanation8. It is assumed that the population under study is 
heterogeneous with respect to susceptibility to a risk factor. On one hand it consists of 
subjects that are susceptible to a risk factor, and on the other hand it contains subjects that are 
not. If a risk factor is associated with a fatal, or otherwise censoring disease outcome, then 
over time, with increasing age, there will be a selective removal of those who are susceptible 
from the population. Thus, the risk factor association weakens accordingly, ultimately 
reaching the null level if all those who are susceptible are removed. 
In the chapters 6, 7, and 8, the associations between diet and cognitive function, functional 
status, and self-rated health were studied. Since these are all aspects of health that are 
especially worsen at old age, the problem of survival of the fittest may have occurred and 
could not be avoided by studying younger populations. On one hand this can explain why 
some of the associations studied were not statistically significant (besides selection bias and a 
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lack of power). On the other hand it might lead to the conclusion that the meaning of a healthy 
dietary pattern becomes less important at very old ages because people who are susceptible to 
unhealthy dietary patterns are no longer included in the population (because they deceased). In 
other words, the genetically strong persons remained and therefore dietary intake is no longer 
a relevant risk factor. Probably, both explanations are true to a certain extent. 
International studies - Methodological considerations 
When studies are performed in an international context, this automatically introduces specific 
methodological issues that need attention. One of them is the comparability of measurements 
in different countries or cultures included in the study. An other one is pooling of international 
data. 
The comparability of measurements in different countries. 
It is vital that the variables measured in the different countries or cultures are sufficiently 
similar in terms of construct validity and measurement properties, in order to treat them as the 
same phenomena and to be sure that a comparison is meaningful2 1. According to Liang & 
Jay 2 1 cross-cultural comparability is a matter of degree rather than an either-or proposition, 
because it is dependent of at least three types of measurement equivalence: a) semantic or 
operational equivalence, b) metric equivalence, and c) structural equivalence. 
Semantic or operational equivalence means that the research materials or behaviours must 
have the same meaning in the different cultures. Of concern are the modes of data collection, 
definitions of conditions, operationalisation of variables, and reliability of data sources. 
Dietary intake was in each of the countries measured by a cross-check dietary history 
method 2 2. Although the dietary history method was adjusted to the local situation the 
methodology was comparable. However, in Finland foods were first broken down into their 
ingredients, before assigning them to one of the food groups, while in Italy and the 
Netherlands foods were directly assigned to food groups. As has been described in chapter 2, 
much effort was therefore put into regrouping of the food group variables to gain as high 
comparability as possible. 
With respect to all-cause mortality operational equivalence was easily reached since this is a 
well-defined dichotomous variable. To ensure equivalence with respect to underlying causes 
of death, these were coded in a standardised way, by one reviewer (A Menotti), using the 8th 
revision of the WHO International Classification of Diseases, as described in chapter 5. In 
each of the countries, global cognitive function was measured in a controlled hospital setting 
by a local translation of the Mini-Mental State Examination (MMSE) 2 3. Self-reported 
functional status was measured as disabilities in daily activities, using a questionnaire adapted 
from the WHO-questionnaire2 4. A local translation of the same questionnaire was used in each 
of the countries 4 " 2 6 . Global self-rated health was in each of the countries defined as the 
answer to a local translation of the question: "Do you feel healthy, rather healthy, moderately 
healthy, or not healthy?" Thus, since the modes of data collection were comparable, 
operational equivalence was as high as possible in chapters 5 (mortality), 6 (cognitive 
function), 7 (functional status), and 8 (self-rated health). 
Metric equivalence implies that a given measurement specification can be applied to different 
cultures. The observable indicators have the same relationship with the theoretical construct 
across different cultures. This is of particular importance in studies utilising biological or 
physiological measures in which the actual measure or test employed, and the accuracy of 
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diagnosis are concerned. In the studies described in this thesis differences between countries 
might have occurred as a result of inter observer variation. Investigators in different countries 
might have used slightly different criteria when judging for example the MMSE-test, despite 
the standardised protocol. However, to keep these differences to a minimum, the research 
groups in the different countries used the same protocol. Furthermore, observers from the 
Dutch (Bennie Bloemberg) and Italian (Simona Giampaoli) research groups attended the field 
work in Finland in 1989 before performing the field work in their own countries in 1990 and 
1991 respectively, and researchers from Finland and The Netherlands performed site visits to 
the Italian field work to keep the variance resulting from two years time difference to a 
minimum. 
Structural equivalence refers to the fact that the causal linkages between a given construct 
(e.g. self-rated health) and its causes and consequences are invariant across different cultures. 
This might be especially the case with respect to wording of items and item translation in 
questionnaires or surveys. Item translation is a critical component in research methodology. 
Questions that are valid and reliable in one language often 'lose something' or get a somewhat 
different meaning in translation 2 7" 2 9. Furthermore, differences in nuances and interpretation 
remain to exist even after accurate translation. 
A variable which apparently has been subject to this problem is self-rated health (chapter 8). 
A significant association was observed with energy intake in Italy, while no association was 
observed in Finland nor in The Netherlands. Furthermore, the frequency distribution of the 
answers given in each of the countries were remarkably different. This may indicate that there 
has been a cultural difference in the interpretation of the question "Do you feel healthy, rather 
healthy, moderately healthy, or not healthy?". Apart from differences caused by translation of 
the question, also other differences could be involved. It has been postulated that not the same 
frame of reference is used by all respondents in answering the self-rated health question 3 0. 
Some participants think of specific health problems, whereas others think in terms of either 
general physical functioning or health behaviours, depending on age and educational 
attainment. Angel & Thoits 3 1 postulated that individuals inherit from their cultures structured 
vocabularies of health and illness which limit the possibilities for the interpretation of physical 
and physiological states. 
An example of the impact of culture on the labelling of health status in the professional 
medical sector is provided by Kleinman 3 2. In a study of Chinese medical practices, he reported 
that while no formal diagnosis of depression exists in the Chinese diagnostic lexicon, the 
majority of patients diagnosed as "neurasthenic" in that culture present symptoms that can be 
recognised as physiological concomitants of depression. Thus, what would be labelled 
depression in the United States is labelled rather differently among the Chinese medical 
professionals. Thus, it might be that the answers to the same questions may have a different 
meaning in each country or culture. 
Pooling of data from different cohorts or countries. 
The advantage of international data is that the range of variation in variables studied is usually 
larger compared to studies performed within one culture. Thus, associations can be 
demonstrated that would not be visible within one culture. An important example of this 
phenomenon is the Seven Countries Study that established the association between saturated 
fat intake and coronary heart disease on the population level because of the large variation in 
saturated fat intake between the different cohorts 3 3. 
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The use of international data also has drawbacks. International studies require a lot of 
complex organisation skills compared to national studies. In each of the countries a group of 
researchers is occupied with the collection of the data. Close collaboration and 
communication between the researchers of the different countries is needed to ensure 
comparability of the data. However, even if these efforts and communications take place, 
certain differences will persist because of relatively unique conditions within each country or 
culture that cannot be avoided. The origin of these differences can be cultural, environmental, 
or genetic. 
By pooling of international data one gains power through increased sample size and larger 
variation, but this is at the expense of loss of precision. One has to be very cautious with 
pooling because even with the highest efforts to gain optimal comparability, one cannot 
assume that everything is 'the same' between the countries or cultures. Therefore, in the 
present thesis, we tested for interaction with country or cohort before we performed the pooled 
analyses. A rather strict criterion was used: a p-value smaller than 0.20 was regarded 
indicative of significant interaction. Furthermore, pooled analyses were always combined with 
analyses of the relationship within the separate countries or cohorts. 
In case of no interaction, which means that the slope of the association can be considered 
comparable between the cohorts or countries, a pooled analysis can be performed using the 
same fixed effects model that was used in the separate cohort-analyses. When interaction is 
found, the associations are not comparable between cohorts or countries, i.e. the slopes of the 
associations are not parallel. In such a situation, the use of a fixed effects model in the pooled 
analysis would ignore this difference. As a result the estimated variance would be too low, 
and the confidence interval would be narrower than when the variation on the cohort or 
country level had been taken into account. Thus, the use of a fixed effects model would 
assume more precision than is justified. Instead a random effects model could be used. 
Another possibility is to calculate the variance by the Jack-knife method 3 4. Both methods 
account for the variation on country or cohort level and are in fact more strict than the use of a 
fixed effects model. 
Four chapters deal with international data (chapters 5 to 8). The countries studied were 
Finland, representing the north of Europe, Italy, representing the southern, Mediterranean part 
of Europe, and The Netherlands, situated in between. Thus, we could make use of the 
relatively large variation in dietary intake between the different cultures in Europe. Since the 
start of the study in 1959/1960, a considerable proportion (about two thirds) of the men died. 
Therefore, the number of men participating in each of the countries after 30 years of follow-
up, around 1990, is rather small and selective. The resulting lack of power might be 
aggravated by other methodological issues associated with the study of elderly populations 
which have been discussed in earlier paragraphs of this chapter. Thus, provided it was done 
carefully, pooling of data was an attractive approach to increase the power of the study. 
The degree of interaction observed was different in the four studies described. No interactions 
were observed in chapter 5 in which the association of the healthy diet indicator with mortality 
was studied. The results were presented for each separate country, and for a pooled analysis. 
In chapter 7, describing the association of functional status with energy intake, an interaction 
was observed with the cohort of East Finland, but when tested on the country level, no 
interaction was found. Furthermore, the odds ratio for East Finland was not significant and 
about 1. Thus, it was decided to analyse the data for separate countries, as well as in a pooled 
analysis. In chapter 6, concerning the association of cognitive function with the healthy diet 
indicator, an interaction was observed with East Finland on the cohort level, and with Finland 
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on the country level. Therefore, the data had to be analysed for separate cohorts and no pooled 
analysis was performed. Finally, in chapter 8 concerning the association of self-rated health 
with energy intake, a pooled analysis was not even considered because the distributions of the 
answers to the self-rated health question were entirely different between the countries. 
Besides, in Finland and The Netherlands no association was observed between self-rated 
health and energy intake while in Italy a strong inverse association existed. Thus, in summary, 
the strategy with respect to the pooling of international data was to start at the lowest level of 
aggregation and to proceed to higher aggregation levels if no significant interaction was 
observed. 
Public Health Implications 
With respect to the association between dietary intake and all-cause mortality the results of 
our study, described in chapter 5, are in line with the results of previous studies on diet and 
the prevention of chronic diseases and with recommendations for a healthy diet in general. 
The men in the tertile with the best healthy diet indicator experienced a 15% (13% after 
adjustment for confounders) reduced all-cause mortality compared to the men in the tertile 
with the worst healthy diet indicator after twenty years of follow-up. This corresponds to an 
estimated increase in life expectancy of more than three years. The reduction in cardiovascular 
disease mortality was even larger and amounted to 18% after adjustment for confounders. 
Previous studies on the association of dietary patterns with all-cause mortality were reported 
by Trichopoulou and co-workers 3 5 and Nube and co-workers 3 6. Trichopoulou based the 
calculation of the dietary pattern on eight component characteristics of the traditional 
Mediterranean diet. Nube used the term 'prudent diet' indicating a diet that contributes to the 
reduction of the risk for a variety of diseases, notably cardiovascular diseases, stroke, and 
certain types of cancer. The recommendations of the WHO study group 3 7 used in this thesis 
aimed at the prevention of chronic diseases on population level. Although there were 
differences between the present study and the studies by Trichopoulou and co-workers and by 
Nube and co-workers in the criteria used to define a healthy dietary pattern, there probably 
was a considerable overlap in the definitions of a healthy dietary pattern, resulting from 
commonly existing knowledge on diet and health. Therefore, despite the different criteria 
which were used to define the dietary pattern, these studies all confirm the beneficial effect of 
a healthy diet on mortality. 
Hardly any studies have been reported so far on the association of indicators of health status 
such as cognitive function, functional status, and self-rated health with dietary patterns. 
Therefore, the studies described in chapters 6 to 8 of this thesis were more explorative 
compared to the mortality study presented in chapter 5. The goal was to find out cross-
sectionally whether any association existed, rather than to elucidate the mechanisms behind 
the associations, which can only be done in studies with a longitudinal design. The drawback 
of a cross-sectional approach, however, is that public health recommendations can not be 
directly derived. 
Despite the cross-sectional and explorative nature of the studies described in chapters 6 to 8, 
some general conclusions can be drawn. A healthy dietary pattern was associated with a better 
cognitive function in all cohorts except East Finland. In this study the dietary pattern was 
measured according to the same criteria (the HDI) as in chapter 5 where the association with 
mortality was studied. The observed associations in the chapters 5 and 6 point into the same 
direction and are of comparable magnitude. This might be an indication that a healthy dietary 
pattern could also prevent cognitive decline. However, because of the design of the study, we 
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cannot exclude the hypothesis that men with better cognitive function are able to pay more 
attention to their dietary intake than those with lower cognitive function. Therefore, further 
studies, preferably longitudinal ones, are needed to find out whether a healthy dietary pattern 
can prevent cognitive decline. 
The association of functional status with energy intake was uniform in all three countries. 
Men who reported disabilities were consuming less energy than those who reported no 
disabilities. As with the study in chapter 6 on cognitive function, the direction of the 
association cannot be resolved. Thus, it is unclear whether a high energy intake prevents 
disability or disability results in a lower energy intake. With respect to public health it is 
relevant to realise that increased physical activity, or in other words increased energy 
expenditure, results in an increased energy intake. If energy intake is adequate, usually the 
intake of essential nutrients is adequate as well. Thus, the study confirms the combined 
beneficial role of energy intake and physical activity in the prevention of frailty and disability 
which has been suggested by others as well 1 , 3 8 , 3 9 . 
The association of self-rated health with energy intake could only be demonstrated in Italy. As 
was discussed previously, this is probably due to cultural differences on one hand in the 
interpretation of the self-rated health question and on the other hand in a different linking of 
dietary habits with the subjective experience of health by the participants. Maybe the social 
and emotional role of meals with respect to health is different in the north of Europe 
compared to the south. The association observed in Italy was consistent with that of the other 
chapters in this thesis: a better health is associated with higher energy intakes, irrespective of 
confounders. Again it has to be reminded that it was not possible to draw a conclusion with 
respect to the direction of the association: could a better self-rated health result in a higher 
energy intake or does a higher energy intake prevent a low self-rated health? Since no other 
publications on the association of self-rated health with dietary intake could be traced, further 
studies on this association, preferably longitudinal ones, are recommended. 
In summary, the studies presented in this thesis all point into the same direction, although 
their importance with respect to public health recommendations varies with their design. A 
healthy dietary pattern is associated with lower mortality, better cognitive function, better 
functional status in Finland, Italy, and The Netherlands, and with a better self-rated health in 
Italy. Furthermore, it is confirmed that energy intake, combined with physical activity, is 
associated with better functional status in all three countries and, in Italy, with better self-rated 
health. Since the majority of the studies was designed cross-sectionally it is recommended that 
longitudinal studies (starting either at middle age or at old age) are executed to determine the 
direction of the associations and to decide whether a healthy dietary pattern can not only 
decrease mortality, but also prevent cognitive decline, functional disability, and low self-rated 
health. 
Conclusions 
The studies presented in this thesis underline the importance of dietary intake in the 
maintenance of health at old age (e.g. mortality, cognitive function, functional status, self-
rated health). Instead of calculating the associations of several health outcomes with single 
nutrients, a dietary pattern approach was used. Cluster analysis appeared to be a useful method 
when the investigators are interested in a description of one dataset, in order to find out 
whether specific (risk) groups can be discerned, while the healthy diet indicator, which is 
based on uniform cut-off values, is less dependent of the dataset under study. The results of 
the international studies of diet and health suggest that a healthy dietary pattern might have a 
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beneficial effect on health status, but longitudinal studies are needed to confirm this 
assumption. 
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The population of elderly people has been growing rapidly during the last decades of the 20th 
century and it is expected that it will increase further during the years to come. Therefore, the 
prevalence of chronic diseases and disabilities will increase during the next twenty years, as 
well as the use and the costs of health care services. In this circumstance, it is important to 
gain insight into the determinants of these diseases and disabilities and to find possibilities for 
prevention. Since dietary intake is one of these determinants, the main aim of this thesis was 
to gain more insight in the role of dietary intake as a determinant of different health indicators 
at old age such as cognitive function, functional status, self-rated health and mortality. 
Dietary intake was measured by the cross-check dietary history method. The different aspects 
of health were measured by standard questionnaires. Dietary patterns were used instead of 
single nutrients or dietary components, to avoid problems of intercorrelation of nutrients 
within the diet and because this approach can give insight in specific (dietary) problems of 
groups at risk for chronic diseases or disability. Two methods were explored to summarise 
dietary patterns: cluster analysis and the healthy diet indicator (HDI), a score based on dietary 
guidelines from the WHO for the prevention of chronic diseases. A higher score indicates a diet 
which is more in accordance with these guidelines. 
In chapter 2, cluster analysis was performed using the dietary data gathered in 1990 of 541 
men aged 70-90 years of the Zutphen cohort, one of the cohorts participating in the Seven 
Countries Study. The results in chapter 3 are based on a cohort of 272 elderly men and women 
aged 64-87 from a general practice in Rotterdam, The Netherlands. The largest number of 
men (about 3000) was studied in five population-based samples from three European 
countries that participate in the Seven Countries Study: East and West Finland, Crevalcore 
and Montegiorgio in Italy, and Zutphen in The Netherlands. Thus, a large variation in dietary 
intake between countries was present. In chapter 4 and 5 the dietary data gathered in Finland, 
Italy, and The Netherlands around 1965/1970 and 1990 were used and in chapter 6,7, and 8 
cross-sectional dietary data collected around 1990. 
In chapter 2, cluster analysis was used to aggregate individuals participating in the Zutphen 
Study into four groups, characterised by a relatively high alcohol intake, high meat 
consumption, healthy dietary pattern, and high intake of refined sugars, respectively. 
Irrespective of potential confounders, a healthy diet appeared to be associated with more 
favourable levels of cardiovascular risk factors at old age. For example, serum total 
cholesterol was 0.26 mmol/L higher in the meat cluster compared to the healthy diet cluster 
(95% confidence interval (C.I.) -0.17 to 0.69). The percentage non-smokers was highest in the 
healthy diet cluster. Secondly, this study confirmed the effects of moderate alcohol intake on 
cardiovascular risk factors in elderly men. HDL-cholesterol was 0.15-0.23 mmol/L higher 
(p<0.05) in the alcohol cluster compared to the other clusters. The prevalence of hypertension 
was almost 10% higher in the alcohol cluster compared to the other three clusters (95% C.I. -3 
to 23). Socio-economic status was higher in the alcohol cluster (p<0.05) than in the meat 
cluster. 
The study in chapter 3 was performed to compare cluster analysis and the healthy diet 
indicator and their associations with all-cause mortality after 17 years of follow-up. The study 
was performed in a dataset of elderly men and women from a general practice in Rotterdam (The 
Netherlands). Cluster analysis generated three clusters, characterised by high intake of 
carbohydrates, fat or alcohol. Furthermore, the healthy diet indicator was calculated for each 
subject. All subjects were assigned to a HDI-category: HDI<2, HDI=2 or HDI>2. Ln men, both 
clusters and HDI were associated with mortality. After adjustment for age, cigarette smoking and 
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body mass index the relative risk for men in the alcohol cluster compared to the carbohydrates 
cluster was 2.55 (95% C.I.: 1.28-5.09). Male subjects in the highest HDI category had a 
significantly lower mortality risk compared to the lowest category (RR=0.56, p=0.03). For 
women no significant associations were observed. 
In a cross-sectional study of dietary patterns around 1990, significant differences were 
observed between Finland, Italy, and The Netherlands for all food groups, energy and 
nutrients (P<0.05) (chapter 4). The Finnish diet was characterised by a high consumption of 
animal products and potatoes, the Italian diet by a high consumption of cereals, vegetables, 
fruits and alcohol. The Dutch diet was generally intermediate. In a retrospective analysis of 
the same cohorts a decrease in energy intake since middle age was observed, varying from 4.2 
MJ/day in the Finnish cohorts to 2.1 MJ/day in Italy. Also the consumption of most food 
groups decreased but the consumption of vegetables and fruits increased. Saturated fatty acid 
intake decreased 3 En% in the Finnish cohorts and remained stable in Italy and The 
Netherlands. Alcohol intake decreased about 7 En% in Italy while it increased 2.5 En% in the 
Netherlands. Thus, it was concluded that the general patterns of dietary intake of the different 
cultures still can be recognised at old age, but the variation between them has become smaller. 
Compared to their dietary intake at middle age, the dietary pattern of the elderly Finnish and 
Dutch men has changed slightly into the direction of a healthy diet while the diet of the Italian 
men remained Mediterranean. 
Around 1970, dietary information was gathered from 3045 men aged 50-69 years in three 
countries. During 20 years of follow-up, 1796 men died. A healthy diet was associated with a 
lower mortality rate (p-trend<0.05) after 20 years of follow-up (chapter 5). After adjustment 
for age, smoking, and alcohol consumption, the relative risk (RR) in the group with the 
highest healthy diet indicator compared to the lowest group amounted to 0.87 (95% C.I.: 0.77-
0.98) in the pooled analysis of the data of three countries. The estimated RR's were essentially 
similar within each country. Furthermore, an 18% lower risk of cardiovascular disease 
mortality was observed in the highest compared to the lowest group (p<0.05). We therefore 
concluded that a healthy diet is associated with a reduced all-cause and cardiovascular disease 
mortality in different cultures. Calculating a healthy diet indicator is a useful method to 
evaluate dietary patterns with respect to mortality risk. 
Dietary patterns were related to cognitive function in 1049 men aged 70-91 years around 1990 
in five cohorts from Finland, the Netherlands, and Italy (chapter 6). There was a tendency 
towards an inverse association between HDI and cognitive function in four out of five cohorts. 
However, since a significant interaction was observed with one of the cohorts, a pooled 
analysis could not be executed. A healthy diet might be associated with a better cognitive 
function in elderly men, but further research is needed to confirm this finding and to decide 
whether this association is causal. 
Energy intake was related to functional status among 1152 men aged 70-90 years around 1990 
in chapter 7. Furthermore, it was investigated whether differences in physical activity could 
explain the observed associations. Energy intake was inversely associated with functional 
status after adjustment for age (OR=0.87,95% C.I.: 0.82-0.93). Multivariate analyses 
demonstrated that the lower energy intake in the disabled could for the largest part be 
explained by a lower physical activity. It was therefore concluded that physical disabilities are 
accompanied by a lower energy intake in elderly men. This association is largely, but not 
completely due to a lower physical activity. 
Among 194 men (aged 70-90 years) in Finland, 517 men in The Netherlands, and 401 men in 
Italy, we investigated whether self-rated health (SRH) is associated with energy intake 
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(chapter 8). The association was culture dependent. More than 80% of the men in Finland felt 
moderately or not healthy, while in Italy this was about 20% and in The Netherlands only 
10%. Energy intake was not associated with SRH in Finland and The Netherlands. In Italy, 
after adjustment for confounders, the men who felt moderately or not healthy consumed 1.5 
MJ/day less than the men who felt healthy. More insight in social and cultural determinants of 
self rated health and dietary habits is needed to explain these differences. 
Ln chapter 9 the general issues concerning the studies described in this thesis were discussed. 
When measuring dietary patterns, cluster analysis appeared to be dependent of the dataset and is 
therefore more suitable for getting a description of the dietary patterns present in the dataset. The 
healthy diet indicator, on the other hand, uses clear uniform cut-off values to characterise the 
quality of the dietary pattern and is thus less dependent of the dataset under study. Its use is 
required in situations where different datasets have to be compared, for example men and 
women, or international comparisons. 
Two types of methodological issues were discussed. The first type concerns issues that were 
related to the study of elderly populations. One has to be aware that for example the 
heterogeneity of the population, selection bias, and survival of the fittest are all issues affecting 
the distribution of the sample under study in such a way that it may influence the observed 
associations. The second type of methodological issues was related to the study and 
interpretation of international data. Examples are the comparability of variables measured in the 
different countries, and the pros and cons of pooling of international data. Three types of 
measurement equivalence were discerned: a) semantic or operational equivalence, b) metric 
equivalence, and c) structural equivalence. The strategy with respect to the pooling of 
international data should be to start at the lowest level of aggregation and to proceed to higher 
aggregation levels if no significant interaction is observed. 
Finally, implications for public health were discussed. The studies presented in this thesis all 
point into the same direction although their importance with respect to public health 
recommendations varies with their study design: a healthy dietary pattern is associated with 
lower mortality, better cognitive function, better functional status in Finland, Italy, and The 
Netherlands, and with a better self-rated health in Italy. Furthermore, it is confirmed that energy 
intake, combined with physical activity, is associated with better functional status in all three 
countries and, in Italy, with a better self-rated health. It is recommended that longitudinal studies 
are executed to decide whether a healthy dietary pattern can not only decrease mortality, but also 
prevent cognitive decline, functional disability, and poor self-rated health. 
Ln conclusion, the studies presented in this thesis underline the importance of dietary intake for 
the maintenance of good health at old age (e.g. mortality, cognitive function, functional status, 
self-rated health). Instead of calculating the associations of several health outcomes with single 
nutrients, a dietary pattern approach was used. The results of these international studies on diet 
and health suggest that a healthy dietary pattern might have a beneficial effect on health status of 









In de laatste decennia van de twintigste eeuw is het aantal ouderen sterk gegroeid. Bovendien 
wordt verwacht dat dit aantal nog verder zal toenemen in de körnende tientallen jaren. 
Daardoor zal ook de prevalentie van chronische ziekten en gebreken toenemen, evenals het 
zorggebruik en de kosten van de gezondheidszorg. Vandaar dat het belangrijk is inzicht te 
krijgen in de determinanten van deze ziekten en gebreken, en naar mogelijkheden te zoeken 
om deze te voorkomen. Voeding is 6en van de determinanten van chronische ziekten. Het doel 
van dit proefschrift was om meer inzicht te krijgen in de rol van voeding als determinant van 
gezondheid op oudere leeftijd en om de relatie van voeding met indicatoren van gezondheid te 
onderzoeken, zoals cognitieve functie, ranctionele status, ervaren gezondheid en steifte. 
Informatie omtrent de inneming van voedingsmiddelen en is verzameld met behulp van de 
cross-check dietary history methode. De verschillende aspecten van gezondheid zijn gemeten 
met behulp van standaard vragenlijsten. In plaats van aparte nutrienten te onderzoeken, is 
gebruik gemaakt van voedingspatronen. Hiervoor waren twee redenen. In de eerste plaats 
konden hierdoor problemen met intercorrelatie van nutrienten binnen de voeding van een 
individu worden vermeden. Daarnaast kan deze benadering inzicht geven in specifieke 
(voedingsgerelateerde) problemen van groepen ouderen die een verhoogd risico lopen op 
chronische ziekten of gebreken. Om voedingspatronen te meten zijn twee methoden verkend: 
cluster analyse en de 'healthy diet indicator', een score die gebaseerd is op de 
voedingsrichtlijnen van de WHO ter preventie van chronische ziekten. Een hogere score geeft 
een voedingspatroon aan dat meer in overeenstemming is met deze richtlijnen. 
Voor de clusteranalyse in hoofdstuk 2 van dit proefschrift werd gebruik gemaakt van de 
gegevens verzameld in 1990 bij 518 mannen in de leeftijd van 70-90 jaar in het Zutphen-
cohort dat deel uitmaakt van de Zeven Landen Studie. De resultaten in hoofdstuk 3 zijn 
gebaseerd op een cohort van 272 oudere mannen en vrouwen in de leeftijd van 64 to 87 jaar 
uit een huisartsenpraktijk in Rotterdam. In de meeste onderzoeken die beschreven zijn in dit 
proefschrift, wordt gebruik gemaakt van de gegevens van vijf cohorten uit drie Europese 
landen die participeren in de Zeven Landen Studie: Oost Finland, West Finland, Crevalcore en 
Montegiorgio in Italie, en Zutphen in Nederland. Alleen in deze drie landen van de Zeven 
Landen Studie is het onderzoek voortgezet op oudere leeftijd. Door de selectie van deze drie 
landen is een grote variatie in voedingspatronen verkregen. In hoofdstuk 4 en 5 is gebruik 
gemaakt van gegevens die rond 1965/1970 en 1990 verzameld zijn in Finland, Italie en 
Nederland en in hoofdstuk 6,7 en 8 van cross-sectionele gegevens verzameld rond 1990. 
In hoofdstuk 2 is de cluster analyse gei'ntroduceerd. Met behulp van deze statistische techniek 
werden de respondenten in de Zutphen Studie verdeeld over vier groepen die respectievelijk 
kunnen worden gekenmerkt door een relatief hoge alcohol inneming, een hoge 
vleesconsumptie, een gezond voedingspatroon, en een hoge inneming van geraffineerde 
suikers. Een gezond voedingspatroon bleek bij deze oudere mannen samen te hangen met 
gunstiger niveaus van cardiovasculaire risicofactoren. Dit was onafhankelijk van mogelijke 
verstorende variabelen. Serum totaal cholesterol was bijvoorbeeld gemiddeld 0.26 mmol/L 
hoger in het vleescluster dan in het gezonde cluster (95% betrouwbaarheidsinterval (B.I.) 
-0.17 tot 0.69). Ook het percentage niet-rokers was het hoogst in het gezonde cluster. Tevens 
bevestigde dit onderzoek de eerder gevonden effecten van matig alcoholgebruik op 
cardiovasculaire risicofactoren bij oudere mannen. Het HDL-cholesterol gehalte was 0.15-
0.23 mmol/L hoger (p<0.05) in het alcohol cluster dan in de andere drie clusters. Ook was de 
prevalentie van hypertensie bijna 10% hoger in het alcohol cluster dan in de andere drie 
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clusters (95% B.I. -3 tot 23). Tenslotte was de sociaal-economische status hoger in het alcohol 
cluster dan in het vleescluster. 
Het onderzoek dat in hoofdstuk 3 beschreven is, werd uitgevoerd om de cluster analyse en de 
'healthy diet indicator' met elkaar te vergelijken met betrekking tot hun associatie met totaal-
sterfte na 17 jaar follow-up. Hiervoor werd gebruik gemaakt van de gegevens van oudere 
mannen en vrouwen uit een Rotterdamse huisartsenpraktijk. Met behulp van cluster analyse 
werden drie clusters gegenereerd die konden worden gekenmerkt door hun hoge inneming van 
respectievelijk koolhydraten, vet of alcohol. Daarnaast werd voor alle respondenten de 
'healthy diet indicator' berekend, waarna ze werden ingedeeld in een van de HDI-categorieën: 
HDI<2, HDI=2 of HDI>2. Bij de mannen waren zowel de clusters als de HDI-categorieën 
geassocieerd met sterfte. Na adjustering voor leeftijd, roken en body mass index was het relatief 
risico voor mannen in het alcohol cluster 2.55 (95% EL 1.28-5.09) ten opzichte van de mannen 
in het koolhydraat cluster. Het risico op sterfte was voor de mannen in de hoogste HDI-categorie 
significant lager dan voor de mannen in de laagste catégorie (RR=0.56, p=0.03). Bij de vrouwen 
werden geen significante verbanden gevonden. 
In een cross-sectioneel onderzoek naar de voeding van de mannen rond 1990 werden 
significante verschillen gevonden tussen Finland, Italie en Nederland in de consumptie van alle 
vœdingsmiddelengrœpen, en de énergie- en nutriënteninneming (p<0.05) (hoofdstuk 4). Het 
vœdingspatroon van oudere mannen in Finland werd gekenmerkt door een hoge inneming van 
dierlijke produkten en aardappelen, dat van de Italiaanse mannen door een hoge inneming van 
graanprodukten, grœnten, fruit en alcohol. Het Nederlandse vœdingspatroon lag hier globaal 
genomen tussenin. In een retrospectieve analyse van dezelfde cohorten bleek dat de energie-
inneming van de mannen was gedaald sinds hun middelbare leeftijd, variërend van 4.2 MJ/dag 
in de Finse cohorten tot 2.1 MJ/dag in Italie. Ook de consumptie van de meeste 
vœdingsmiddelengrœpen daalde. Alleen de consumptie van grœnten en fruit nam tœ. De 
inneming van verzadigde vetzuren daalde met 3 En% in de Finse cohorten en veranderde 
marginaal in de Italiaanse en Nederlandse cohorten. De inneming van alcohol daalde met 
ongeveer 7 En% in Italie, terwijl in Nederland een toename van 2.5 En% werd waargenomen. 
Daarom werd geconcludeerd dat de algemene vœdingspatronen van de onderzœhte culturen op 
oude leeftijd nog steeds herkenbaar waren. De verschillen waren echter wel kleiner geworden. Li 
vergelijking met hun vœdingsgewoonten op middelbare leeftijd waren de Finse en Nederlandse 
mannen wat gezonder gaan eten terwijl het vœdingspatroon van de Italiaanse mannen nog 
steeds als Mediterraan kon worden gekarakteriseerd. 
Rond 1970 was informatie over de voeding verzameld bij 3045 mannen van 50-69 jaar in drie 
landen. Tijdens de follow-up période van 20 jaar overleden 1796 mannen. Een gezond 
vœdingspatroon was geassocieerd met een lagere sterfte na 20 jaar follow-up (hoofdstuk 5). Na 
adjustering voor leeftijd, roken, en alcohol gebruik was het relatief risico (RR) in de grœp met 
de hoogste 'healthy diet indicator' 0.87 (95% BI: 0.77-0.98) ten opzichte van de laagste groep 
in de gepoolde analyse. Bovendien werd een 18% lager risico op sterfte aan cardiovasculaire 
aandœningen gevonden in de hoogste tov de laagste groep (p<0.05). De geschatte RR's waren 
van vergelijkbare grootte in de verschillende landen. Daarom werd geconcludeerd dat een 
gezonde voeding samenhangt met een verminderde totaalsterfte en sterfte aan cardiovasculaire 
aandoeningen in verschillende culturen. Verder bleek de 'healthy diet indicator' een bruikbare 
méthode om het sterfterisico van vœdingspatronen te evalueren. 
In hoofdstuk 6 werden voedingspatronen gerelateerd aan cognitief functioneren bij 1049 
mannen van 70-91 jaar rond 1990 uit vijf cohorten in Finland, Nederland, en Italie. In vier van 
de vijf cohorten leek een associatie te bestaan tussen de 'healthy diet indicator' en cognitief 
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functioneren. Omdat echter een interactie werd gevonden met cohort zijn de data van de 
cohorten niet gepoold. De conclusie is daarom dat een gezond voedingspatroon geassocieerd 
zou kunnen zijn met een betere cognitieve functie bij ouderen. Verder onderzoek is echter 
noodzakelijk om dit te bevestigen en om na te gaan of het hier om een causaal verband gaat. 
Onder 1152 mannen van 70-90 jaar rond 1990 werd de associatie tussen energie-inneming en 
functionele status onderzocht (hoofdstuk 7). Ook werd nagegaan of de gevonden associatie 
verklaard kon worden door lichamelijk activiteit. Energie-inneming was invers geassocieerd 
met functionele status na correctie voor leeftijd (OR=0.87,95% BI: 0.82-0.93) (hoofdstuk 7). 
In een multivariate analyse Week dat de lagere energie-inneming van de mannen met een 
verminderde functionele status voor het grootste deel, maar niet geheel, verklaard kon worden 
door een lagere lichamelijke activiteit. 
In hoofdstuk 8 werd onderzocht of energie-inneming is geassocieerd met ervaren gezondheid 
onder 194 mannen (in de leeftijd van 70 tot 90 jaar) in Finland, 517 mannen in Nederland en 
401 mannen in Italie (hoofdstuk 8). Dit verband bleek cultuurafhankelijk te zijn. Meer dan 
80% van de mannen in Finland voelde zieh matig of niet gezond, tegenover 20% van de 
Italiaanse en 10% van de Nederlandse mannen. In Finland en Nederland werd geen verband 
gevonden tussen energie-inneming en ervaren gezondheid. In Italie daarentegen bleek, na 
correctie voor verstorende variabelen, dat de mannen die zieh matig of niet gezond voelden 
1.5 MJ/dag minder energie consumeerden dan degenen die zieh gezond voelden. Om deze 
verschillen te kunnen verklaren is meer inzicht nodig in de sociale en culturele determinanten 
van ervaren gezondheid en voedingsgewoonten. 
In hoofdstuk 9 werden de algemene discussiepunten van de in dit proefschrift beschreven 
onderzoeken besproken. Cluster analyse bleek als methode om voedingspatronen te meten 
afhankelijk te zijn van de dataset die werd gebruikt. Deze methode is dus vooral geschikt om 
de voedingspatronen die aanwezig zijn in een dataset te beschrijven. Bij de berekening van de 
'healthy diet indicator' daarentegen worden heldere, uniforme afkappunten gebruikt om de 
kwaliteit van het voedingspatroon te beschrijven. Deze maat is dus veel minder afhankelijk 
van de gebruikte dataset, en vooral geschikt wanneer verschillende datasets vergeleken 
moeten worden, bijvoorbeeld mannen en vrouwen of internationale vergelijkingen. 
Vervolgens zijn twee type methodologische kwesties aan de orde gesteld. Het eerste betreft de 
methodologische gevolgen van het onderzoek in oudere populaties. Voorbeelden hiervan zijn 
de heterogeniteit van de populatie, selectie bias, en 'survival of the fittest'. Hierdoor kunnen 
verbanden zijn afgezwakt of juist versterkt. Het tweede heeft te maken met de 
methodologische consequenties van het gebruik van internationale gegevens. Een voorbeeld 
hiervan is de vergelijkbaarheid van de variabelen die zijn gemeten in de verschillende landen. 
Drie soorten equivalentie in meting werden onderscheiden: a) semantische of operationele 
equivalentie, b) metrische equivalentie, en c) structurele equivalentie. Een ander voorbeeld 
betreft de pooling van internationale gegevens. De hierbij gevolgde Strategie houdt in dat de 
analyses gestart werden op het laagste aggregatieniveau en dat pas naar een hoger niveau werd 
overgegaan indien geen statistisch significante interactie werd waargenomen. 
Tenslotte kwamen de aanbevelingen en gevolgen voor de volksgezondheid aan de orde. De in 
dit proefschrift gepresenteerde resultaten wijzen allen in dezelfde richting, hoewel het belang 
van de verschillende studies met betrekking tot de aanbevelingen varieert met het ontwerp van 
het onderzoek. Een gezond voedingspatroon lijkt samen te hangen met een lagere sterfte, een 
beter cognitief functioneren, en een betere functionele status, in Finland, Italie en Nederland, 
en met een betere ervaren gezondheid in Italie. Verder werd bevestigd dat een hogere energie-
inneming, gecombineerd met lichamelijke activiteit is geassocieerd met een betere functionele 
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status in aile drie de landen en met een betere ervaren gezondheid in Italie. Longitudinale 
onderzoeken worden aanbevolen om uit te maken of een gezond vœdingspatroon niet alleen 
de sterfte kan verminderen, maar ook cognitieve achteruitgang, functionele beperkingen, en 
een siechte ervaren gezondheid kan voorkomen. 
Concluderend kan gesteld worden dat de in dit proefschrift beschreven onderzoeken het 
belang van een gezonde vœding voor het behoud van een goede gezondheid op oudere 
leeftijd onderstrepen. In plaats van aparte nutriënten werden voedingspatronen als 
uitgangspunt genomen. De resultaten van deze internationale onderzoeken naar voeding en 
gezondheid suggereren dat een gezond vœdingspatroon bij ouderen gunstige effecten op de 





Er zijn een heleboel mensen die mij hebben geholpen bij de totstandkoming van dit 
proefschrift. Een aantal daarvan wil ik graag met name noemen. 
Iedereen echt heel hartelijk bedankt!!! 
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